é 

t 

& 
a 


(PUBLIC LigRARY} 


DETROIT 


FOO 


outnal of 
THE ROYAL 
AERONAUTICAL 
SOCIETY 


NOVEMBER 1946 
NO. 431 VOL. 5p 


| 
(// 
% 
a 
4 
4 
4 


The roomiest small air liner ever 
builr—54 cu. ft. of space per 
passenger when used as an 8- 
seater ; 87 cu. ft. as a 5-seater. 
Equally suitable as air liner, for 
charter or hire, luxury private 
travel or freighter. 

High wing gives unobstructed 
view of ground from all seats. 
All interior cabin bulkheads, 
panelling and fittings quickly 
removable and replaceable 

Two Gipsy Queen 5I engines, 
driving constant speed propellers. 
All-metal construction with inter- 
changeable units; special atten- 
tion has been given to accessibility 
to provide ease of maintenance. 


PERCIVAL AIRCRAFT 


LIMITED 


OF ALL-UP WEIGHT 


20°% 
FOR 800 MILES RANGE 


The Percival Merganser will carry a load of 1,350 lb., for £00 
miles, and 1,825 lb.—nearly 30% of its all-up weight—for 
300 miles. 

The cabin measures 19 ft. overall, with a width of 5 ft. 6 in. and 
full headroom, giving a capacity of 595 cubic feet. Total floor 
area is 89 sq. ft. Two doors are provided, the main door 
opening measuring 5 ft. x 4 ft. (one panel, 5 ft. x 2 ft. 6 in.) and 
the forward baggage door 3 ft. 10? in. x 2 ft. 7 in., so that 
continuous loading and unloading are facilitated. The very 
low floor line is a great advantage ; owing to the tricycle under- 
carriage the floor is level when the machine is on the ground. 
Cargo tie-down fittings are built in and are entirely concealed 
when the panelling, bulkheads, etc. are replaced and the aircraft 
used for passenger carrying. 
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THE PULSE SYSTEM OF 
HYPERBOLIC NAVIGATION 


DAY AND NIGHT RANGE 
of 300 miles at 5000 feet and 


150 miles at 2,000 leet. 
ACCURACY of 100 yards or 14% 


of Range whichever is the greater. 


OPERATION TIME of ic 


scconds per fix. 


IMMEDIATELY operative 
within service range of any chain 


| of GEE ground stations. 


| UNAFFECTED by static 


interference. 

) | 

During the war 60,000 sets of GEE equipment CONTINUITY  inaffected py 
were manufactured for and used by the service interruptions. 


and the Royal Navy. 


NOT SUSCEPTIBLE ito 


The GEE wartime service area covered the 


U.A. and all Europe. jamming. 
GEE made 1,000-bomber raids possible. 
ade 1,000-bomber raids po. NO AMBIGUITIES. 
D-Day operations were based on GEE. * i 


GEE AIRBORNE and GROUND EQUIPMENT 
DEVELOPED, ENGINEERED and PRODUCED BY 


Civilian enquiries for 
GEE and other types 
of Radar Navigation 


Equipment are invited. 


A. C. COSSOR LTD., HIGHBURY GROVE, LONDON, N.5 
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An Eye To The Future .. . 


Engineers of vision—vision in its double sense—have been achieving 
remarkable results in the Pye Laboratories at Cambridge. They 
have applied a high degree of imagination to their scientific 
skill and have recently been responsible 
for a major development in_ television 
technique. These research engineers have 
added another page to their record of 
advanced thought. Their vision will be 


your television. 
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A controversial issue facing the Aircraft Industry today 
is that of adopting a High-Frequency supply. For some 
time past Delco have been developing a range of High- 
Frequency Motors and the knowledge and experience 
gained will be at the service of the aircraft designer 
should any general change from the 24V. D.C. supply 
eventually develop. 
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Dowty Liquid Spring Shock Absorbers provide 
the ideal springing medium and are operating I 
successfully on Britain's latest aeroplanes 


no inflation or maintenance required 
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Have you had this series of ' 
INSTRUMENT 


in addition to our well- 
known Maintenance Manuals 

we have published from time 

to time descriptive folders in 
colour containing useful filing 
material on Keivin aircraft instru- 
ments and testing apparatus. Separ- 
ate installation leaflets are also 


available. 


Write for any of the following which interest you — 


K.B.B.-KOLLSMAN SIMPLE ALTIMETERS, K.B.B.-KOLLSMAN 
SENSITIVE ALTIMETERS, K.B.B.-KOLLSMAN RATE OF CLIMB 
INDICATORS, K.B.B. AIRSPEED INDICATORS, K.B.B.-KOLLSMAN 
ENGINE SPEED INDICATORS, KELVIN SENSITIVE AIR PRESSURE a 
GauGE, KELVIN AIRCRAFT INSTRUMENT TESTING APPARATUS, = 
K.B.B.- VIBROGRAPH, KELVIN SENSITIVE AIRCRAFT BAROMETER. 


KELVIN AIRCRAFT INSTRUMENTS 


proven in reliability—ahead in design 
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Scarcely a British ’plane takes to the air without the assistance of BTH. From 
the pulsating magneto with its vital spark to the tiny Mazda lamp on the control 
board, BTH has contributed a generous quota to flying efficiency. Included in 
this electrical equipment are starters, generators, air compressors, engined-speed 
indicators, under-carriage and flap operating equipment, petrol pump motors, etc. 


BTH research has contributed much to the efficiency of the air-arm in combat 
and defence and especially in the development of Air Commodore Whittle’s jet 
engine, work on which was commenced in the BTH Rugby factory as early as 1936. 
The first successful flight of an aeroplane fitted with this engine was in May, 1941. 
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We cordially invite you to visit our stand at the International Aeronautical Exhibition at Paris, where 
we shall be pleased to demonstrate a wide range of electrical equipment for aircraft, representing 
the most advanced design and practice in this field. Our exhibits will include Magnetos, Ignition 
equipment, Booster coils, Starter motors for both reciprocating and Gas Turbine engines, Electrical 
power installations, Rotary transformers, Invertors and Convertors, D.C. and A.C. Motors and Generators, 
Electric Actuators, Switches and Switchgears, Lighting equipment of all types including landing 
lamps, navigation lights, cockpit and warning lamps. 


Illustrated above, in section, is the ROTAX B.2001 D.C. 4 

Generator, which weighs only 16 Ib., gives an output of a} 

1,000 watts and is continuously rated under full load 

conditions. 
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THE STRESSES IN A CIRCULAR 
FUSELAGE 


by 
W. J. GOODEY, M.A., A.F.R.Ae.S. 


Mr. Goodey took his degree at Cambridge in 1931 obtaining first class honours in 

the Mechanical Sciences Tripos and receiving the Archibald Denny Prize for Theory 

of Structures. He has been on the design staff of the Gloster Aircraft Co., Ltd., 
since 1933. He is an Associate Fellow. 


INTRODUCTION. 

HE FOLLOWING investigations were made primarily in order to determine 

the manner of transmission of concentrated loads from the frames to the skin 
of a circular fuselage. The usual assumption, that the shear distribution in the 
skin adjacent to the frame is given by the simple ‘‘ beam theory,’’* was considered 
to be of doubtful validity, and for some time past the writer had suspected that 
a critical examination of the problem would show a very considerable variation 
from the ordinary theory in the immediate vicinity of the loaded frame. The 
writer’s attention was first drawn to the problem by the work of Wignot, Combs and 
Ensrud in N.A.C.A. Technical Note No. 929, and the present investigations 
were made because a more fundamental approach to the subject was considered 
to be desirable. 

As was expected, it was found that the bending moment distribution in a frame 
subjected to a concentrated load differed considerably from that given by ordinary 
beam theory, the difference depending on the flexibility of the frame, the more 
flexible the frame, the greater the difference. It transpired, however, that an even 
greater departure from beam theory could occur in the stress distribution in the 
skin of the fuselage, and bending stresses in the skin and stringers near the loaded 
frame may be several times their beam theory values. Such stresses may there- 
fore be as important as those at some distance from the frame, where the stress 
distribution has settled down to the beam theory distribution. 


A. THE STRESSES IN THE FUSELAGE SKIN 
EQUATIONS. 

We begin by considering the possible types of stress distribution in the skin and 
stringers of the fuselage. The stringers will be assumed to be sufficiently numerous 
to be treated as if they were uniformly distributed round the circumference. 
The thickness of this equivalent skin will be taken equal to k, times the 
actual thickness (¢) of the skin, the suffix x indicating that the skin is effectively 
reinforced in the longitudinal direction (x) only. The moment of inertia per unit 


THE FUNDAMENTAL 


* i.e., plane sections remain plane. 
+ N.A.C.A. Technical Note No. 929.  Analvsis of Circular Shell-Supported Frames, 


. Wignot, Henry Combs and A. F. Ensrud. 
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lengih of circumference of this equivalent skin (for bending normal to the skin 
surface) will be denoted by /J,, and it may be taken equal to the moment of 
inertia of one stringer (together with the skin which is assumed to bend with it), 
divided by the stringer pitch. This moment of inertia should be calculated about 
the neutral axis of the skin and stringer, as if the skin were flat. As will be 
shown below, it is apparent, from the way in which the quantity 7, enters into the 
equations, that it should be calculated in this manner. 

As is usual in such problems, certain relationships between the various stresses 
and moments in the skin may be derived by writing down the equations of 
equilibrium of a small element. The element is taken of length 6, in the longi- 
tudinal (x) direction, and Réé in the circumferential (#) direction, R being the 
radius of the skin. The forces and moments acting on unit length of the edges 
of the element are :— 

N,, Ne, tensions parailel to the x and. 6 directions respectively. Ny,¢, shear 


forces acting in the plane of the element, +ve as shown in Fig. 1. 
TANGENTIAL 
DISPLACEMENT 


N | Nxe EFFECTIVE 
S Meo 5 THICKNESS 
+ 
Ox 
Nxe 
8 
Ne Ne 
DISPLACEMENT PARALLEL 
x 
Fig. 
Stresses in the fuselage skin, 
View of element of skin looking in direction of arrow A. 
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Q,, Qe, shear forces acting normal to the plane of the element, +ve as shown, 
and M,, Ms, bending moments corresponding to the shear forces QV, and Qs, 
+ve when giving compression in the outer surface of the skin. Since, without 
frames, the skin would offer practically no resistance to change in shape of the 
cross-section, Mg will be assumed to be negligible compared with M,, and will 
accordingly be ignored. Twisting moments in the skin will also be assumed to be 
negligible. 

It then follows, by taking moments about an edge of the element parallel to the 
x—axis, that Qg=0. The other equations of equilibrium are as follows:— 


Resolving radially, we get 
+ (1) 


Resolving parallel to the x —axis, 
ON ge 
+ 


6 
Resolving tangentially, 
ON, 
and finally, taking moments about a tangent, we get 
),= A(4 
0: ox ( ) 


The next step is to write down the strains in terms of the displacements, and then 
formulate the stress-strain equations. The displacement of any point of the skin 
surface may be resolved into components “, v and w, parallel to the x—axis, 
tangential, and radial, respectively. Then the strain ¢, in direction x, is defined 
by the equation 

This is the same expression as would be used for a flat panel. The strain eg, in 
the circumferential direction 6, is defined by the equation 


\(:) 
Here, the first term is the same as for a flat panel, while the second term is due 
to the curvature. The derivation of the second term is obvious if we consider the 
case of a uniform internal pressure, resulting in a uniform increase of the radius 


from R to R+w, while v remains zero. 


The shear strain, e.g, is defined by the equation 

ou Yu 
RO * Ox 
This is the same as for a flat panel, a positive shear strain being defined as that 
produced by a positive shear stress. The displacements « and v are taken +ve 
in the directions of x increasing, and 4 increasing, respectively, while w is +ve 
radially outwards. The strains e, and eg are then +ve when extension of the 
material takes place in the x or 6 directions, respectively. The stress-strain 
equations may now be written down. They are derived as follows:— 


A(T) 
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If ¢, is the effective thickness added to the skin by the stringers, oc, the stringer 
stress, and o,, o» and oy, the components of stress in the skin, then 
N,=o,t+0o,t,, and 


Tx Os 


E = E 

it being assumed that the skin undergoes the Poisson contraction, while the stringer 
strain is dependent only on the stringer stress. 

Nye 2 (1 v) 


Hence, substituting for ~, in terms of o, and os», we have 


N,=0,t+ (t+t,)—v No 


Ne=o, (t+t,)=0,k,t, where k, = (1+ 


t 
N, vt, N,—vNo 
No 
No 


v7t 
If v is taken to be about }, the term h = may for practical purposes be neg- 


lected. We then get 


t kt 
Equations (8) and (9), together with the equation for e,., given above, express 
the strains in terms of the tensions and shear per unit length at any point of the 
skin, If we now substitute for the strains their expressions in terms of the 
displacements u, v and w (equations (5), (6) and (7) ) we obtain three further 
equations, which are of fundamental importance in the investigations which follow. 


These equations are : — 


) 
N,-vN=Ekt— . . . .  . A(10) 
ox 
k.Ny—vN, =Ekxt( + 
; ou ou 
and 2k, (1~v) 


There is also an equation relating the bending moment M, to the curvature of 
the skin and stringers in the longitudinal direction, 
This equation is 
rw 
M=Ef, . . A(13) 


9 


dx? 


A SOLUTION OF THE 


B. THE STRESSES IN THE FUSELAGE SKIN 
FUNDAMENTAL EQUATIONS. 
In this section we proceed to develop a general solution of the equations obtained 


in section A. It will be seen that equations A(2) and A(3) are satisfied if we 
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express V,, Ng and Ny» in terms of a single function F (x, 6), taking 


°F 
Substituting in equations A(10), A(11) and A(12) they become :— 
Ou °F 
dv °F ‘°F 
and Ek,t( psp +5 )=-2k 
Taking Rae of equation B(1) + re of B(2), we get: — 
_ Ey t rw o'F 
(¢ 
2k, (1+) . from equation B(3) 
Also, from equations A(1), A(4) and A(13), 
No= ms = -ELR 
Ox? Ox? 
( w 
ox? 
Equation B(5) may be immediately Sdincaee twice with respect to x, giving 
ew F (x, 6) 


where A(#) and B(@) are arbitrary functions of 6. Substituting in equation B(4), 

we get the differential equation to be satisfied by the function F, as follows :— 

( 4 1 1 

Equation B(6) has solutions of the type F=G(x) sin (n@+e,), G(x) being a 

function of x only, and A(#) and B(#) being assumed to be of the form 

A sin (n@+e,) and B sin (n#+e,), respectively. The quantity 2 will usually be 

taken to be an integer, though it is not necessary for it to be so, except to satisfy 

one of the boundary conditions of the problem. Substituting in equation B(6), we 

obtain the differential equation to be satisfied by the function G:— 


A particular solution of equation B(7) is 
G=~ py where p kat 


Hence, if we put 
_(A+Bx) ERAR® 
n'+(R/p)? 
then A must satisfy the equation 
—2 { (1+ v) ( .  . BO) 
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R2 
RM=Ct , where c=(1+v) 


\ 
Since c? is only slightly greater than k, (for k,=1, c=1, while for k,=1.5, 
v=}, c=1.625), while R*/p? is generally large, the quantity {onhs (1 + 
will be negative for small values of n. 


> { 
) 

Suppose, for example, that we have 16G 
skin reinforced with stiffeners at 6 in. spacing, with R=20 in., as shown in Fig. 2 


064" 


STRINGER PITCH = GINS 


“(MEASURED AT SKIN Radius) 


APPROX 


Fig, 2 


Typical skin--stringer combination. 


numerical values— 


This represents in practice a considerable degree of reinforcing. With the dimensions 
shown, and assuming the skin to be completely effective, we obtain the following 


k.=approx. 1.5, =.00565 = 6740 
This will not become positive until n= 10. 


are complex. 


Since terms with small values of 2 
will probably be the most important in the final solution, it is therefore necessary 
to pay particular attention to the case where the values of A given by equation B(9) 


In this case, we write 


1 K? 
The modulus (or absolute value) of A® is 
\ ky n'p* 
and the square root of A? is most conveniently derived by writing 
A= 
\ k, ) 
Then 
c OUR, 
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from which ¥v may be obtained from tables, taking the value between 0 and = 


and then 


ie, A= 4 (1+ { cos  B(10) 


To distinguish between values of X associated with different values of n, it is 
convenient to attach a suffix to the quantities X% and wv. Then writing 
An we have 


1 
== (1 cos $¥,, and 8, = ( } sin 


where tan v,, \ ( 1+ ke 
The general solution of equation B(7) may now be written in the form 


sin( 8, ) Jexp (+ 


nx 
( ) exp 
where A, B, C, D, y, and 6, are arbitrary constants. The function ny @) is 


obtained by multiplying G by sin (n@+te,). 


Since the coefficients A and B are quite arbitrary, we can write F in the following 
form, the suffix being used to indicate the dependence of the function on 2:— 


1, + Byx + Cyexp (+ sin +n ) 


+ Dyexp ( | xsin (nO+e,) B(I1) 


where A, B,, C,, >, and are arbitrary constants. 

The function F(x, 6) defined at the beginning of this section may be made up 
of any number of expressions like equation B(11), taking different values of » for 
each term, Note that when the function is of 

Given the function F, the quantities N,, Ne, Nye, M, and Q,, which give the 
stress distribution, may be written down as telhenns. It is inconvenient to attach 
a suffix m to these quantities, but it should be understood that the expressions 
given may be summed for any number of values of 2:— 

n? 
te? 


Robax R [ exp ( R ){ sin( R + Yn ) 


Bmx exp( - 


The quantity in the square brackets may be put into a more convenient form 


+ 8, Cos 


B 
by writing —" —tan@,. We then get:— 
Ln 


2, 
9) : 
, 
5 
9 
n 
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n cos (nO +e, nv 224+ 
x6 R |B, R { ( sin ( Yn + Pn ) 


—D, exp(—- ) sin ( +6n— On 
This method may be used for biccatain: with respect to x any number of 
times. Hence :— 


. (Bmx 
+ Dexp( R ) sin ( B(14) 
Also, from equations A(13), B(4) and B(7), 


ht, OF OF 


sin (n6 + 


CER, 
(A +Bx)- LR? 


| (A + Bx)- sin (n6 + 


ER?k,t 
=[(4 + Bx) { (exponential terms in G) |sin (nO + «,,) 
(A+ Bx) 1 
= n+ (R/p)? 
(exponential terms in G) |sin (nf 
1 
(exponential terms in G)— “pa (linear terms in G) Jsin (nO + 
( - 1,2 
+ D,exp ( : ) sin ( +6,, ) (A, +B,x) sin (n6+6,) . B(15) 
Finally, 
cx R ) sit n R Yn on) 
D,exp| = sin ( |sin (n0+e¢,) . B(16) 
Equations B(12), (13), (14), he and (16) give general expressions for the 


quantities V,, Nyy, Ne, MW, and Q,. The application of these equations to the 
solution of any particular problem involves the determination of suitable valucs 
for the various arbitrary constants occurring in the equations. It is fairly obvious 
that the accurate solution of even a simple problem is likely to be extremely com- 
plicated, and we shall adopt the familiar procedure of making as many simplifying 
approximations as possible without sacrificing too much accuracy in the final 
solution obtained. This is of course largely a matter of compromise, We might, 
for instance, assume that the shear distribution round the section is that given by 
the ‘‘ simple ’’ beam theory. This, however, would be an uncritical approach to 
the problem, and a slight investigation would show that this assumption involves 
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the consequence that cross sections do not change their shape when the frames are 
loaded. In this case, no allowance would be made for flexibility of the frames, 
and it is the effect of this flexibility which we are trying to determine. 

A further step in the right direction may be made if we solve the fundamental 
equations previously obtained, introducing the additional assumption that bending 
strength of the stiffeners is negligible. This appears to be a reasonable assumption 
to make for the average skin and stringer combination, though the conditions for 
which this assumption is satisfactory have not yet been thoroughly investigated. 
It will be apparent, however, in what follows, that by this means we have gone 
a considerable way towards an accurate solution of the problem, without adding 
a prohibitive amount of work to the numerical computation of particular cases. 
In any case, it has been thought worthwhile to obtain the general solution 
embodied in equations B(12) to (16), since these may be useful in future investi- 
gations. The results obtained by the writer cannot in any sense be regarded as 
final. They are merely put forward as a step towards a more complete under- 
standing of the problem. 


C. THE EQUATIONS RELATING TO A CIRCULAR FRAME OF UNIFORM 
CROSS-SECTION. 


We now consider the equations by which the deflection of a frame may be 
obtained. In particular, we consider the deflection of a frame under loads or 
moments distributed round the circumference according to the laws sin 2@ or cos n@. 
[he notation used is as follows :— 


T,=End load in frame (tension + ve). 
S;=Shear force, +ve as shown in Fig. 3. 
M,;=Bending moment in frame, taken +ve when it produces compression on 
the inner edge of the ring. 
7,=Moment of inertia of cross-section of frame. 
A,=Area of cross-section. 
a=Radius of gyration of cross-section = \ 7 


h=Distance of neutral axis of the frame, from the skin. 


R=pskin radius, i.e., radius of neutral axis =R—h. 
Q=Radial load applied to the frame, per unit length of circumference 
(measured at the radius R, of the skin), taken +ve when acting outwards. 


This may be split up into two parts, Q, applied by the skin attached to 
the frame, and Q. applied externally. 

N=Tangential load applied to the frame, at the skin surface, per unit length 
of circumference (radius R). This may also be split up into two parts, 
N. applied by the skin and NV, applied externally. Both of these are taken 
to be +ve when acting in the direction of increasing @. 

M=Moment applied to the frame, per unit angle. This must all be applied 
externally, since the skin and stiffeners cannot apply moments directly to 
the frame. The + ve direction of WV is shown in Fig. 3. If the tangential 
loading N, is not applied at the skin radius, but at some other radius, 
say along the neutral axis of the frame, we may resolve it into a tangential 
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loading at the skin radius, together with a distributed moment. If, for 
example, there is a tangential loading applied along the neutral axis (i.e., 
at radius R—h), of amount N, per unit length, this is equivalent to a 

R ) N, at the skin radius R, together with a 


distributed moment h (R—h) N, per unit angle. 


tangential loading ( 1- 
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[he equations of equilibrium of the element of the frame shown in Fig. 3 may 
now be written down. 
Resolving radially : — 


Ss 
or+ C(1) 
Resolving tangentially :— 


ag 
Taking moments about C (centre of frame) :— 


These equations may be rearranged in a form more suitable for our present 
purpose, as follows : — 


From C(2) and (3) 


(R—h) S,= +NRh-M . CA) 
and hence, from C(1) 
(R—h) T,= +Rh (R R-h). . C() 


Equations C(4) and (5) express S; and 7; in terms of M; and the loads applied 
to the frame. Substituting in C(3) we obtain the differential equation to be 
satisfied by M,:— 


age = (M+ Spr (WE? + Rh) 


Equations C(4), (5) and (6) are equivalent to es : (2) and (3). 
We now consider the equations which determine the deflection of the frame. 
The following assumptions will be made :— 

(a) Shear deflection of the frame is negligible. 

(b) The stresses in the frame are given by the ordinary beam theory for a straight 
beam, it being assumed that the radius of curvature of the neutral axis is 
large enough compared with the linear dimensions of the cross-section to 
make this assumption reasonable. 

) The radial deflection (w) of any point of the cross-section (in particular, the 
radial deflection of the neutral axis) is the same as the radial deflection of 
the skin, 

Then él, =change of curvature of the neutral axis, +ve when the radius of 

curvature is reduced 


1 

Also, (ie tae circumferential strain in frame at the skin radius 


ee hg strain in the skin at this point 


Mh dv’ 
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From C(5) and (8) 
h iN aM EA; (R—h) 

M,+ Rho QR (R-h) (w 
Differentiating this equation with respect to 6 and subtracting equation C(6) we get: 
((R—-h)h _ EA; (R—-h) (dw dv 
Using equation C(7) in equations C(6) and C(9) we obtain two equations relating 
the displacements of the frame to the applied loads. Thus, equation C(6) becomes: 


C(9) 


EI, (dw dw M y 
de * do + (M+ N ) 


=0 . C(10) 


and equation C(9) becomes : 


| EI, dw \ , EA (R-h) (dw, dv)\_ 
f ih a’ dw h? 
(R-h)? J de R (R—h)? do 


+ =0 . C(I) 

We will now consider the effect of a ete of applied loads and moments, 
distributed round the circumference in any manner whatever (provided of course 
that the conditions of overall equilibrium of the ring are satisfied). Such a distri- 
bution may be expressed as a Fourier Series, and it is convenient to consider the 
effect of each term of the Fourier Series separately. 

Let us first apply a normal loading, defined by the equation 


O=XQ, sin (n6+e,) 


where the quantities Q,, and e, are constants depending on the type of loading. 

The normal loading represented by the single term Q,, sin (v@+6,) constitutes a 
self-equilibrating system of loads except for the case m=1. This is easily seen by 
drawing a rough diagram for a few values of m, such as n=2, 3, etc. For the 
case m=1, the normal loading Q, sin (@+e,) must be balanced by a suitable 
tangential loading. It cannot be bilanced by an arbitrary normal loading, since 
this arbitrary loading may itself be expressed as a Fourier Series (even a single 
concentrated load may be so expressed, as will be shown in a later section), and 
by supposition the given series V defines the total normal loading applied to the 
frame. 

Now let the applied tangential loading be defined by the equation 


N=NN,, cos (6 + 


where the quantities NV, and », are constants depending on the type of loading. 
The tangential loading represented by the single term N,, cos (n+ u,) constitutes a 
self-equilibrating svstem of loads except for the cases n=0 and 1. 

For the case »=1, the tangential loading may be balanced by a normal loading, 
and it is convenient to associate a tangential loading NV, cos (@+,) with a normal 
loading Q, sin (6+«,), the two together forming a system in equilibrium provided 
that N,= —Q, and n,=e,. 
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For the case »=0, the tangential loading constitutes a torque about an axis 
normal to the plane of the frame, the torque being applied by a uniform loading 
round the circumference. This cannot be balanced by an equal and opposite 
tangential loading, since by supposition the loading NV represents the total tangential 
loading applied to the frame. Moreover, it cannot be balanced by any system 
of normal loads, since these all pass through the centre of the frame, and cannot 
therefore constitute a pure torque. The only way to balance such a tangential 
loading is therefore by means of a system of distributed moments. The simplest 
system of moments is M=M,=constant, and for equilibrium we must have 
27M,=+27R?N,, or M,=R?N,. 


This may at first sight appear to be inconsistent with the condition that the 
frame is subjected to any distribution of loads whatever, provided that these loads 
are in equilibrium, Why cannot we balance a uniformly distributed load by two 
tangential concentrated loads at opposite ends of a diameter? The answer is that, 
when these two concentrated loads are expressed as a Fourier Series, the constant 
term in the series will cancel out the uniform tangential loading, so that in the 
expression for the total tangential loading no constant term will appear. If, 
however, a part of the torque is balanced by distributed or concentrated moments, 
there will be a constant term in the series for the tangential loading which will 
balance the constant term in the series representing the system of moments. 


In view of the above discussion it will be seen that when the expressions repre- 
senting the applied loads and moments in the form of Fourier Series are substituted 
in equation C(10), constant terms and terms for which #=1 will disappear, and 
we shall obtain an equation of the form 


This equation is satisfied by the particular solution : — 


n=2 


©K, sin (20 +2, 
and the complementary function of C(12) is: — 
w=(A+Bé) sin 6+(C+ D6) cos 6+ w, 
where 4, B, C, D and w, are arbitrary constants. Now for continuity of w and 
dw/dé when @ is increased by 2+ we must have B=D=0, while the terms 
(A sin 0+C cos #) merely constitute a ‘‘ rigid body ’’ displacement of the frame. 
We are finally left with an expression for w of the form 


+3 -rigid body displacement. . . C(14) 

The value of w, is found by using equations C(5) and C(8) to determine the value 
of (w+du/dé), It will be found that:— 

dv 

dé 

where W is a constant. 


= + p ) + W + periodic function of 6 


Hence 


U=U,+ 1+ W | periodic function of 6 
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where v, is a constant. Now for continuity of v when @ is increased by 27 it 
follows that the coefficient of 6 in v must be zero. 

W 
(1+h/R) 


eth 


D APPROXIMATE SOLUTIONS NEGLECTING BENDING STIFFNESS OF 
SKIN. THE CASE OF RADIAL LOADING. 


In this and the two following sections we obtain solutions for the case of a 
circular cylinder of length 2L, having flexible frames at each end and at the centre. 
[his is probably the simplest problem. relating to flexible frames for which a 
solution can be obtained, but it gives us a considerable insight into the effect ct 
frame flexibility, skin thickness, frame spacing, etc. It will be shown that the 
stress distribution depends on the values of two non-dimensional parameters, so 
that there is a doubly-infinite set of solutions. 


At the end of Section B it was remarked that a considerable simplification in the 
solution obtained therein could be effected by neglecting the bending stiffness ct 
the skin and stiffeners in the longitudinal direction. If we do this, equations A(1} 
and A(4) show that V,s=0, since M,, and therefore Q,, are assumed to be negligible. 
In this case, equation A(3) shows that 0V,9/0x=0, 
4 only. The shear stress in the skin can therefore only change with x, if it changes 
at all, at a frame. 


so Ny» must be a function of 


We may therefore assume that V6 is represented as a Fourier Series of the form 


XA, sin (n6+.e,). 


n=0o0 


Then from equation A(2) it follows that 


ON, 
ax COs (nO + €,) 
MOMENT OF 
INERTIA OF ig 
(SKIN LOADS) 
| 
i! 
— — —— — ——! 
| 
Cw WwW VIEW ON END 
Frame AA 
Fig. 4 


The simple structure discussed in Sections D, E and F. 
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It is convenient to consider the stresses and displacements due to each term 
separately. 


If Nyg=A,, sin (n6 . . : 
then N, = ( B,- cos (n6 + 


where B,, is an arbitrary constant. 
For the problem to be considered, V,=0 when x=L (see Fig. 4) 


nA,L 
..B,=—— 
R 
nA, 
or NV, = R (L—x) cos (n6+e,) . . D(2) 
The displacements u, v and w are now found from equations A(10), A(11) and A(12 
(L—x) cos (n#+.e,), and hence, since when x=0 
Ox 

Ek,tu= ( Lx- ) cos (10 + . . DEB) 


OU 
Also, =98, (1+v) 


x2 


2k (l+v)+ 9 A, sin (26 + 


2 2 ve 
.Ek,tu= { Qk, (1+v) x+ > ba, | sin (nf D(A) 


C,, being an arbitrary constant. 
Finally, the displacement w may be found by the equation which gives the circum- 
ferential strain, viz. :— 


w dv nt 
Ek,t —Ek,t Roo R | (on + vA,L) 
+ (24s (1+v)—v) x+ wia )} A, | 0s (nO+e,) . D(5) 


Assume the J of the centre frame is 27 times the J of either of the end frames. 
Then since the centre frame is subjected to twice the loads applied to one of the 
end frames, it follows that 

W (x=1.) = —1W (x=0) OF =9 
Hence, from equation D(5) 


(1+7) (C,+vA,L) 4 LA, { 2k, 
1+ ) { 2k, (l+v)—v+ | cos (v#+.e,). D(6) 


This gives the radial deflection at one of the end frames (vx=L). If M; is the 
bending moment in the end frame due to this term of the series, we have from C(7) 


El, oF d*w | 
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R*kxt R 


n (n> —1) { n?+3m? . 2k, a +v)—v } R2A, cos + e,) 
Then f ( 1 ) { h 
R 


It is convenient to put 3m* (1+1/7) ¢=c and 3m? { 2k, (1+v)—v} =e. In what 
follows the two non-dimensional parameters c and e will be taken as the funda- 
mental characteristics of the structure. We then obtain the expression for M; in 
the simple form :— 
n 1) +e) R24, | 

c(i- 5) 
R 


\ 


We now have to consider the possibility of expressing the concentrated radial load 
32 

applied externally to the frame in the form XQ, cos (w#+.,), l.e., as a series of 

distributed radial loadings. 

Consider first a radial loading uniformly distributed over the range —2S6S +2, 
of amount Q per unit length of circumference. Denoting this loading by f (4), we 
have f (#¢)=Q in the given range, but is zero outside this range, Hence, 
adopting the usual procedure for obtaining coefficients in a Fourier Series, if 


f (A)=a,+a, cos6+... +a, cosné+..., over the region —7S6S+7 
QT 0 
1 


and a4, = | f cos | cos = 


| nz 
Let the total radial load=W=2ORz. 
, Wri ‘sin x sin nx 
Then f (4) ( )cos 6+ + ( 08+ D(8) 
W ;sin nx 


so that O, = 
nx. 


In this case we take ¢,=0, the applied load being distributed round the point 
9=0. In the final solution we shall put x=0, thus obtaining the effect of a con- 
centrated load. 


We now have to satisfy the condition of equality of radial displacements of skin 
and frame. This is equation C(10). We cannot simultaneously satisfy the con- 
dition of equality of tangential displacements (equations C(8) or C(11) ), since the 
circumferential stress in the skin is assumed to be negligible, whereas the circum- 
ferential stress in the frame may be, at certain points in the frame, of ihe same 
order as the bending stresses, At this stage in the investigations we accept this 
approximation, but it is possible that the inaccuracies involved may form the 
subject of a future investigation. For numerical calculations, some allowance may 
be made for this effect by taking a strip of skin effective with a frame, thus 
increasing the value of J;. 
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Referring to equation C(10), the radial loading Q is given by equation D(8) above, 


while the tangential loading N= — XA, sin né. 
Substituting these quantities, and the value of w given by equation D(6), in 
equation C(10), we obtain the following equation for A,,:— 


n* 1)? +e) R*A, sin 


c (R—h)? 
+R (R—-n*h) A, sin n6+ ( 1- — ~)sin nb =0 


A,R 
n° (n®—1)° (n? +e) h\? 2h W sin n 


R h \? 
) 


or A,= D(9) 


It is convenient to attach primary importance to the case h=0, since this is the 
simplest case of all, and enables the effect of variation of the parameters c and eé to 
be most easily investigated. We then a 


n sin 
Hence - W D(11) 


and in the limit 10, since ( = ) +1 we get, for a concentrated radial load W : — 
. 


|. n sin nO 


Na=- D(12) 


(n?-1 n> +e 

aR 1)? (n? + e) 
c 

The validity of taking the limit z—0 is somewhat questionable, since, for large 


cin : 
- does not tend to 1 unless mz remains small. However, since 
ni. 
4 sinnz \ . 
the series for N,» in equation D(12) is convergent, and (=) is always 
ne 


values of n, 


numerically less than or equal to 1, then the series for Ny» in equation D(11) is also 
convergent. We may therefore obtain as accurate a value of Ny» as is required 
by taking a finite number of terms of equation D(11), and D(12) then follows 
by putting 1=0. We also have, from equations D(7) and D(10), again putting «=0 
WR & 
M,= 


n> (n*--1) (n? +e) } 
Note that the term for which »=1 disappears. 


cos | 


D(13) 
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This series is convergent, the convergence being of the same order as that of the 
series X1/n?. For a very stiff frame, c is very small, and we obtain the result that 
WR & n6 


D(14) 
Neither of the series in D(13) or D(14) is very rapidly convergent. If, however, 
we subtract D(13) from D(14) we obtain a series representing the difference of 
bending moments for the rigid and flexible frames, which is highly convergent 
for normal values of c and e. Since, however, the bending moment for a rigid 
frame is a standard case, and can be worked out by ordinary strain energy methods, 
it follows that we can use this highly convergent series to calculate the bending 
moment for a flexible frame. It can be shown that the series of equation D(14) 
is equal to [+1 cos 6—} (x—6) sin @], 6 being taken between 0 and 27. Hence, 
if we denote the “‘ rigid frame ’’’ bending moment by M,,, 
cos 6-3} (7-6) sinf#} = 


- 
i 


Then from equations D(13) and D(15) we get: — 
WR|. cos n6 
| (n?—1) (1+ | 


1 
The convergence of this last series is of the same order as that of the series = ( Ai0 ) 


The shear and end load in the frame may now be derived from D(16); thus: — 


) 
aS; : cos nO 
| 
D(18) 
Finally, from equations D(2) and D(10) we get, for 1+0:— 
L) (n? — 1)? (n? | ] 
Equations D(16), (17), (18), (19) and (12) summarise the distribution of stress 


in the skin and frames. The most slowly convergent of these series is D(19), but 
even here the convergence is of the same order as that of the series ¥(1/m*), and 
for values of c likely to be met with about half a dozen terms will give a sufficiently 
accurate value. The displacements uw, v and w are obtainable by substituting 
equation D(9) in equations D(3), D(4) and D(5). Since the tangential displace- 
ment v of the skin is not necessarily compatible with that of the frames, equation 
D(4) is not suitable for calculating the tangential displacement of a point on the 
frame. An approximate value for the latter may be arrived at by neglecting the 
circumferential extension of the frame due to end load; in this case v is related 
to w by the equation dv w=0. 
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The radial displacement (w) will probably only be required at the frames, and 
from D(6) we obtain the value of w at one of the end’ frames : — 


2+ ¢) ALR cos né 
Wier) =- & 
3m? (14+—) 
| 


n? (n? cos | 


D(20) 


The convergence of this series is fairly rapid, since the terms soon become nearly 


COS 
the same as those of the series ¥ 1 and the convergence of the latter series is 


of the same order as that of the series X(1/n*). A very much more rapidly con- 
vergent series for w may, however, be obtained from equation D(20) by considering 
the value of the radial displacement of the frame when c—0. This is the radial 
displacement for a ‘‘rigid’’ frame, an apparent contradiction in terms, but 
signifying the displacement of the frame when the skin loading is that which would 
be given by “simple ’’’ beam theory. Denoting the latter by @, we have from 
D(20), making c very small, and noting that the product cJ; remains constant, 
equal to 3m* (1+1/7r) R°k,t:— 

Wil | +e) cos 6 | 


3m> (141) (n 1) 
r 


_ WR [= = cos” no | 
ET, cos = 


n? — 
Hence, from D(20) and D(21), 


Wi(x=L) =U {1+ n? (n? —1)? (n? +e) | (22) 
Now the series & { ee —- |} may be shown to be equal to 
3 (27-6) @A@cos@ (x—80) sin 6 
16 8 4 ] 


in the range 0S6<27, 
This may be done in various ways; one way being to express 6? cos 6 and @ sin 4 
as Fourier Series of the type Na, cos n@. The value of #@ may then be calculated 


from D(21), and then w,_,) from D(22). 


E. THE CASE OF TANGENTIAL LOADING. 


In this section we discuss the case of a concentrated applied tangential load W. 
As in section D, we may represent the load W by a Fourier Series 
W (sin 
N,= ) cos 
wR n=] 
taking the limit z>0. In addition to this ae ntial loading, the frame at x= 
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is also subjected to the tangential loading from the skin, of amount given by 
‘ 

N,= —Nye= —XA, Sin (uO + e,). 

n=o 


We must therefore make sin wines n6, from which e,=7/2. Then 


Go 
N=N,+N,=—3A, cos n+ +3 S 0s n | taking 


N= Le +3 ) cos no | . E(1) 
Thus, for equilibrium, as explained in section C, we must have 
W W 


Also, putting «,=7/2 in equation D(7), we get an expression for the. bending 
moment in the end frames (x=L), due to the term in cos #6 in the tangential 
loading, viz. :— 


h 2 
Substituting E(1) and E(2) in equation C(6), which is equivalent to C(10), and 
remembering that Q=0, we get: — 


_ [nt 1)? +e) R*A, + (R?—Rhn’) ( ) =0 (n0) 


h 2 
c(1- 
2 2__4)2 2 
A,R -|* (n (1-7) (1- E(3) 


h 
As in section D, we now put h=0 to obtain the simplest possible case. The 
effect of taking A into account can easily be deduced from equation E(3), but it is 
not proposed to do so at present. 
Thus, for h=0 (n+0) 
W 


c 


aR { (n* +e) \ 
c 
Also, from equation E(2) 


sin 7 


{ 1) + (n* +e) } 


Note that the term for which m=1 disappears. The convergence of this series 
is of the same order as that of the series %1/n*. A more rapidly convergent series 
for M, may be obtained by using the same device as was used in section D. For a 
rigid frame c=0, and then 


n (n?—1) 


“ 


E(6) 
852 
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This series may be obtained from equation D(14), by integrating the latter 
between the limits 0 and 6. But the value of the series in equation D(14) is known 
in finite terms, being equal to $+} cos 6-3} (7-60) sin 


WR 


cos (x—8) sin 0] dé 


Then from equations E(6), EV) and E(8) we get: — 
sin 26 
( ) 
Tne shear and end load in the frame may be derived from equation E(9), as 
follows : — 


M,= sin 6— 4 (7-6) (1—cos 4) - 


S1= = g +4 COS 4 sin 6 — (n? +e) E(10) 
(n? — 1); j 
_ dS, W n sin nO 
Finally from equations D(2) and E(4), we get:— 


N,=+ 


W (2-2) n sin nO | E(12) 


aR? n +9} | 


Equations E(5), (9), (10), (11) and (12) summarise the distribution of stress in 
the skin and frames. 


F. THE CASE OF AN APPLIED MOMENT. 


The discussion of the two previous cases revealed a relationship between the 
cases of radial and tangential loading which should really have been obvious at 
the outset, but which was overlooked until the case of tangential loading had been 
investigated. Reference to Fig. 5 will show how the case of radial loading may be 
derived from the case of tangential loading, and it is also shown there how the 
case of an applied moment may be derived. These relationships are most con- 
vincingly demonstrated graphically, and as Fig. 5 is intended to be self-explanatory, 
no further discussion is considered to be necessary here. Reference to this same 
subject was made in N.A.C.A. Technical Note 929 (referred to in the Introduction), 
but it has been thought worthwhile to include it here as it is clearly a most labour- 
saving device. 

Referring to Fig. 5, the stress distribution in the skin, and the bending moment, 
etc., in the frames, for an applied moment M, may be immediately written down. 
Thus, using the results of section E, we get : — 


S| (n*? —1) cos nO || 


F(1) 
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M (x-L) & n (n?—1) sin n6 
M a sin n6 
c 
aM, M | cos 
L J 
and Te= Gy =~ sin | FG) 
c 


G. THE CASE OF A LONG CYLINDER HAVING EQUALLY SPACED 
FRAMES. 


In this and the following sections the same method as used in sections D, E and 
F is employed in an investigation of the more difficult problem of a long cylinder 
(e.g., a fuselage) having equally spaced frames. All the frames, with the exception 
of the frame to which a load is applied, are assumed to have equal stiffnesses, 
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Circular cylinder with equally spaced frames. 


Let the frames, and the bays between the frames, be numbered as shown in 
Fig. 6, and let x (in the kth bay) be measured from the kth frame towards the 
(k+1)th frame. General expressions for the stresses and displacements for the 
kth bay are obtained below :— 

Assume that 

The constants A,, will have different values for different values of , but to 
avoid the use of double suffixes, the suffix » will usually be omitted in what follows, 
and only the suffix & will be retained, to indicate the dependence of A,, on k. The 
same convention will be used in the designation of any other constants which may 
be introduced. As before, we consider only one term in the series G(1), and writing 
A,,=A,, we have 


Nyo=A, sin (nO+e,) . . G(2) 
Ek, =N,=- + B,) cos (nO+e,) . ~G(3) 

Ek,tu=— R ) cos (nO +e,) . . G(4) 

OU ou 

=| { 2b. ( (1l+v)— OR? (B,x + | sin G(5) 
{ 2h, (1 +v) R2 )+ D, | sin (0 + €,) G(6) 
w 
Ek,t — = 
= —vN, -Eh, 

== (Ayx + By) { 2k, (l+v) By + Ds Jeos + ,) 


G(7) 
At a frame, N,, uw, v and w must be continuous, while Ny,» is not necessarily 
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continuous. Now at frame k+1, x=0 for bay k+1, while x=L for bay k. Hence, 
the conditions of continuity are : — 


— . . . . G(8) 
A,L? 


A solution of equations G(8), (9) and (10) may be obtained on the assumption that 
A, =AA*, where A and A are constants, i.e., quantities independent of R, 

Then from G(8), B,.,-—B,=ALA*. 

This is satisfied by 


k 
+, where is a constant . 
Then from G(9) 
ALA 
Cy, + BL 
_AL? (A+1) 
= 9 (X 1) 
This is satisfied by 
C,= —+8Lk+y, where y is a constant . . G(12) 


Hence, from G(10), 


273 AX* 272 


R?(A-1) 
n*L* (A +1)  n*Ly 
2R?(A-1)? R? 
The general solution of this equation is :— 
( B y\,. 
R ) where 4 is a constant . G(13) 


The value of A may be found by equating the radial displacement (w) of a frame 
to that of the adjacent skin, since this condition leads to an equation between the 
constants which must be satisfied for all values of k, From equation G(7), the 
deflection at the kth frame (x=0 in bay k) is given by Ek,t (w),=n (vB, —D,) 
cos (nO+e,), the suffix k being appended to w to signify the deflection at the kth 
frame, as opposed to the general expression for w. 
) In (n? — 1) (vB, —D,) cos + +€, en) 

R? \ /;, 
(vB,,— D,) (n) (n?—1) cos (n6+e,) 


M, 


Also, the tangential on the kth frame is N=(Nyxs)x— 
, N=(A,—A,_,) sin (0+ €,). 
This frame is not ose: loaded (the loaded frame will be taken as the frame 
k=1, and will be considered below); hence there is no radial loading on the Ath 
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frame for values of k other than k=1, and the relation between the frame bending 
moment and the tangential loading is:— 
aM; 
This assumes the offset of the neutral axis of the frame from the skin to be negligible; 
at any rate, this effect does not form the subject of the present investigation, and 
it is therefore better to omit it. 


+ NR?=0 (see equation C(6) ) 


Hence, from oe G(14), we get: — 
= -D,) . n? (n?—1)? + R? (A, — Ay_,) =0 


A,_,) +n? (n?—1)? (vB, —D,)=0 
Substituting for 4. A,_,, B, and D, from G(11) and (13), we obtain the following 
equation, which must be satisfied for all values of k, 7.e., at all the frames. 


B n° Bk (kR—1) 
R )e+ 2m? 


Thus, we must make the term independent of k, and the coefficients of k and k?, 
all zero; AX* will then divide out of the remainder, leaving an equation for A. 


mo (1-1/A)_ 1 {2 n® (?+42A+1) 
n? (n?-1)? 6m? (X— 1)? } 
6m*o (A—1)* 
(n?—1)2 
14 
fae +4241)- = (\—1)2 =0 
On multiplying out, we get :— 


2 = 2_9 2 


Ve (A—1)?—n? (A?+4 \ 


and dividing by A?: — 


=0 . G(15) 


This is a quartic equation in A, but as it is also a quadratic in (A+1/A) its 
solution presents no difficulty. Writing 
c 
equation G(15) becomes X?+UX+V=0. If the roots of this last equation are 
real and numerically >2, the four values of A (say A,, A,, A, and X,) will all be real. 
Moreover, since if A is a root, so is 1/A, it follows that two of the roots (say A, 
and X,) will be numerically less than unity, while the other two will be numerically 
greater than unity, since they are the reciprocals of A, and A,. Thus, we may 
take the four values of A to be X,, 1/A,, A. and 1/A,. 
If the values of X obtained above are numerically less than 2, or if they are 
complex, then the roots of equation G(15) are complex, and a rather different 


U,and 4 {1+' n® (n?—1)? (n? +e) 
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approach has been found to be more convenient. In this case, let A, =ae'¥; then 


1/A,= — . We may take a+ve and <1 (+ve, because a negative sign could 


be absorbed into the exponential by adding = to ¥). Then A, must be conjugate 
to A,, since, except in the special case a=1, 1/A, is not conjugate to A,. 
Hence, we take A,=ae~*, and then 1/A,= it 


Then from G(15), using the abbreviations U and V introduced already, we 
obtain the following relations between a and ¥:— 


( ( a pies 


+2 cos 2y= (a+ +4 cos 


1\2 
while from G(16), 
U?=(a+ *) (2 cos 


Equations G(17) and (18) show that (a+1/a)? and (2 cos v)? are the roots of 
the quadratic 
Y?-(V+4) Y+U?= ‘ . G(19) 
Since a and wv are real when X is complex, the roots of equation G(19) are real 
and +ve, one of them being >4 and the other <4, The one which is >4 is 
(a+1/a)*, and the other is (2 cos v)?. The +ve square root of the former gives 
(a+1/a), and hence a; while one of the square roots of the latter gives 2 cos v, 
the sign of the root being settled by reference to equation G(16). This equation 
shows that cos v is opposite in sign to U. 
We are now in a position to proceed further with the investigation. Since there 
are four possible values of A, the coefficient A, has the most general form :— 
A, . (G(20) 
The suffixes here now have a slightly different significance, since they are used to 
distinguish between the four values of A, but this should not lead to any confusion. 
It should be realised that the quantity A, depends on m as well as on k, because 
the A’s and the A’s in equation G(20) depend on n. 


Substituting for B, from equation G(11), the general forms for equations G(2) 
and (3) are:— 
Nyo=(A,A,*+ A,A,* + A,A,*+A,A,*) sin (nO 


and V,= («+ + ALA, (x+ i, 


+A,A,* (x+ )es (nO 
A considerable simplification is possible for a very long cylinder, since A,* and 
\,*>x as kx, and we must therefore take both A, and A, zero. In practice, 
this simplification is permissible for cylinders of quite moderate length. 
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Nyo=(A,A,* +A,A,*) sin (nO+en) . . G(21) 


; n L L 
and N,=— z { +A,A, }-cos (nO+e,) G(22) 
H. LOADS APPLIED TO THE FRAME AT ONE END OF A LONG 
CYLINDER. 

The externally loaded frame is defined as the frame R=1. The way in which the 
applied load is balanced at the other end of the cylinder is not relevant to the 
problem under discussion, since we wish to determine the stress distribution near 
the open end; in particular we wish to investigate how soon the stress distribution 
in the skin “‘ settles down ”’ to that derived by simple beam theory. 


In this case V.=0 at x=0, k=1, and hence from equation G(22):— 
A iA A 


1 
Equations G(21) and G(22) now reduce to:— 
Nyo=K { (A,*—A,*)— } sin (nO+e,) . H(1) 
and { (A,K—A,*) x + (L—x) } cos (n@+e,) . H(2) 


With regard to the components of displacement, it is sufficient to obtain expres- 
sions for these at the frames. Thus, from equation G(4), we have 
Ek,t (u),= cos +e,) 
Here, (#), denotes the value of « at the kth frame. Hence, using G(12) and G(20) 
the most general expression for (u), is:— 
mL? (A, (X,+1)A,* Ay (Ap +1) (Ag +1) 


eos 


For the case under discussion, 4,=A,=0, and A, and A, are known in terms of 
the single constant K. 


Then 


Ek,t = ((*5 A, )- feos (n@ + H(4) 


Similarly, the value of (w);, is derived from equation G(7), which gives: — 
Ek,t (w)=n (vB,—D,) cos (n6 + 
= - cos (76 + €,) 
n (n?— 1)?! + (A, 2 ) +A, (A; )+A, )] 
xcos . H(5) 


Thus, for the case under discussion : — 
KRo 
n (n? —1)? 


Ek,t [A,*-? (A, — 1)?-A,*-? (A, — 1)*] cos (n6+e,) . H(6) 


then Then 
ould 
igate 
, we | 
(16) 
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The radial deflection at the externally loaded frame is obtained by putting k= 
in this last equation, viz. :— 


(n?— 1) 


Let the moment of inertia of the loaded frame be 7/J;; then the bending moment 
in it is given by :— 
Erl, 
—,-|w+ 


62 
_ (A, ) 


A Aan (n?—1) ) 
while for the other frames, 
El,(_ 
and using equation H(6), this is equal to 
KR? 
(A, —1)?—A,*-? (A,—1)?] cos H(9) 


The equation relating the bending moment in a frame to the loading applied 
to it is: — 
dé dé 
We shall now consider the special case of a concentrated radial load W applied 
at 4=0, since this is the most interesting case. Then 


)- =0 (see equation C(6) ) 


W 


and e,=0, while 
N = (Nye) (R=1) 
=(A,—A.) K sin 6, from equation H(1) 
Using equation H(8) for M;, we now get:— 


(A, —A,) (1—A,A2) nW 
iW 
R (A, rt+y -) 
Hence, from equations and we get (summing from to n=X):— 


In practice, it is sufficient to calculate V, at the frames, since the variation between 
frames is linear; this simplifies equation H(12) since we can put x=0. The 
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coefficients of the first terms in the above series, 7.e., the coefficients of sin 6 and cos 6, 
are apparently indeterminate, since for n=1, A,—A,=1. Noting, however, that 


+... +A,"-1), we see that 
l 2 
. Wsiné 
and A,->1. It then follows that the first term of equation H(11) is —~,,—, and 


V 
the first term of equation H(12) is — Ed {x+(k-—1) L} cos 6. 
As might be expected, these are the beam theory values of Ny» and .V, 
respectively, and as kx all the other terms of the series disappear. 
We also have from equation H(8)— 
WR ry (1—A,A,) cos nA 
M, (at the loaded frame)="—— 
The term =1 is missing from this series because, as explained in Section C, the 
value of (v+35] is zero for n=1 and a deflection of the type w=w, cos @ is 
a “‘ rigid body ”’ displacement of the frame, giving no bending moment. If M,, is 
the bending moment for a rigid frame, it has previously been shown that 
WR 7R 
T nag \ 
Using this in conjunction with equation H(13) we obtain a series for WM; which is 
much more rapidly convergent, viz. :— 


}+1 cos 6—3 (7-9) sin | 


M, (at loaded frame) = = E +1 cos 6—} (7-6) sin 


= cos nO 
For the other frames, we have from equations H(9) and H(10)— 
WR { A,*-? (A, —1)?—A,*-? (A, — 1)? } cos 
(n?—1) (4 -2,) cx) | 
V x (xX. +A,— Si 
e.g., M;, (for frame 2)= — H(16) 


and M, (for frame 3)= 


_WR®& [ { 1-2 (A, +A,2+A, Ap COS 20] 
7 n= (m?—1) {A,A, +7 (1—A,AQ) } 
H(17) 
The stress distribution in the skin and frames is summarised by equations H(11), 
H(12), H(14) and H(15). The shear and end load in the frames may be derived 
from the bending moments, using the equations of equilibrium obtained in 
Section C. In the cases where the quantities A, and A, are complex numbers, the 
expressions in equations H(11), etc., are not very convenient for numerical com- 
putation, and formule more suited to this purpose are developed in the appendix 
to this section, which now follows. 


n=2 


APPENDIX TO SECTION H. Formule for use when X, and X, are complex. 


In this case it is possible to obtain simple expressions for the functions of A, and 
A, in equations H(11), etc., by writing 4,, 4. =ae+', as was done previously, in 
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Section G; the calculation of a and w has already been dealt with in this section. 
Thus, referring to equation H(11)-— 
(A,S—A,*) — sin RV — Qia*-? sin (R— 1) 


(A, —A,) 2ia sin 
sin ky—a** sin (k—1)¥ 
sin 
Hence, Ny»=— > 
W & {asin kj—sin (k—1)) } sin n6 
Hate 
and equation H(12) becomes :— 
W & {ax sin ky +(L—x) sin } cos 
{r+(1—r) a? } sin’ ] 


There is no need to rewrite eaiiion H(14), since we ‘merely have to replace 
A,A, by a*, while for equation H(15) we have:— 


a (n?—1) (sin y) 5) 


(n*—1) { r+(1—7) a? } sin | H(15a) 
=(for frame 2)— x |“ cos n6 


n=2 


M,= 


(n?—1) {r+ (1-7) } 


2 
S 2a* (a cos | H(16a) 


(n?—1) {r+(1—7) 


n= 


J. LOADS APPLIED TO THE CENTRE FRAME OF A LONG CYLINDER. 
In this section we discuss the effect of applying a concentrated radial load W at 
the middle of a long cylinder, the ends being simply supported. The case where 
one end is free and the other end fixed may be easily derived from this by super- 
imposing the beam theory distribution of a load W/2 in the neighbourhood 
of the centre frame. This has the effect of removing the reaction —W_/2 from one 
end, and thus making this end free . The notation used will be the same as for 


Section H. 
The boundary condition V,=0 at x=0, k=1, in Section H, is now replaced by 
the condition w=0 at x=0, k=1. Hence, from equation H(3) we have: — 
A, (A, +1), 
Hence, from equation H(5) the value of w at the loaded frame is given by:— 
Ro 
Ek,t(w), n (n?—1)? [A, (A, = 1) +A, (A, 1)] cos (nO 
RoK (A, — 1) (A, —1) 


..M, (at the loaded frame) = — cr 
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Also, from G(21) and 


It has been shown in Section D that a concentrated radial load W may be repre- 
sented by the Fourier Series 


and hence e,=0 in equation J(3). 


The tangential loading at the loaded frame is then given by N=2N,, at x=0, 
k=1, due to the symmetry about the loaded frame. 

é., N=29K| +1) Q, 41) sin J(4) 

. Substituting the values of M; and N from equations J(2) and J(4) in equation 


_G(6), together with the above value of Q, we now obtain an equation for K, as 


follows : — 


tb 


2 (A, —1)2 (A, 1) 2 (»—1)? (A, — 1) 
(2—r)A,+7} (A,—1)? { (2-7) A, +7} 
Equation J(3) now becomes :— 
2 16 


For the case r=1, this simplifies to:— 
The value of V, at frame k is obtained from equation G(22), using equation . 
for A, and A,, in conjunction with J(5), and putting x=0. 


Thus, V, (at frame k)— 


nkL 
, N= - A, 4 Ay + ] 6 
R [A, (A,-1) A.+1)-A, (A.—1) (A, +1)] cos n 
It is lees. of course, that the above expression is to be summed for all 
values of ». We finally get :— 
{A,*-' A, (Ag +1) (A,— 1) (A, +1) } 2? cos 06 
N, 


The values of the terms in J(6) and J(8) for which n=1 appear to be indeter- 
minate, since, when n=1, 4,=A.,=1, and both the numerators and denominators 
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vanish when A,=A,. The values of these terms, however, can be deduced from 
the consideration that they represent the beam theory stresses in the cylinder, 
i.e., they are the only terms in the series which do not vanish as kao. More- 
over, their values can be deduced by considering the equilibrium of the cylinder, 
since all the other terms represent a self-equilibrating system of stresses on any 
section. It thus follows that the first terms of J(6) and J(8) are respectively : — 


a My c08 
Re sin 6) and V,= — 


where M,, is the bending moment on the cylinder. 


APPENDIX TO SECTION J. Formule for use when X, and X, are complex. 
Equation J(5) now becomes : — 
nW +2a cos¥+1)_ 


—(same quantity) with A, and A, reversed 


r (A, +1) (A,—1)° 
| 


+h 


= 2a sin + 2a cos 3)—r(a® + 2a cos Y—6+ 
=2i sin 
Referring to equation J(6), the expression 
(A, + 1) (A, - 1)? (A, + 1) (A, 1)? 
=(A, +1) (A,*+?—2A,*+A,*-1)—same quantity with A, and A, reversed 

=2i sin (k+1) Y+a* (a*—2) sin ku + (1—2a? *) sin (kR—1) 

+a* sin (k—2) 

=2a*-! [a* sin (k+1) (a?—2) sin kV + sin 
+a sin (k—2) 


[2a* (a* + 2a cos V—3)—r { at—6a* +1+2 (1+a’) acosy}] J(5a) 


Equation J(6) now becomes :— 
{ sin (k+1) Y+a (a*?—2) sin ky 
Nyo= 


sin { 2a? (a*+2a cos y—83) 
+(1—2a*) sin (k—-1) sin (k—2) sin n6 J(6a) 
—r (a*— 6a? +1)—2ra (1+.4*) cos 


The quantity 
{ (A, 1)(A, 1)—A," (A, 1) (A, } 
in equation J(8) is equal to 
=2i [a* sin kv + (a?—-1) sin (k—1) Y—a* sin (k—2) ¥] 
=2ia*“' [a sin ky + (a*—1) sin (k—1) sin (R—2) 
Substituting in equation J(8), and using J(5a), we get: — 


N, a‘ { asin ky + (a*—1) sin (k—1) Y—a sin (k—2) m? cos ] 
“sin { 2a? (a? + 2a cos Y—3)—7 (at— 2ra 
. J(8a) 


The expression in equation J(2) for the oe sinned in the onde frame is 
made more rapidly convergent by adopting the device which was used in Sections 
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H and D, i.e., we find the difference M,—M;,, M;, being the bending moment for a 
‘rigid ’’ frame. Omitting intermediate steps, equation J(2) reduces to:— 


$+} cos (x—6) sin 


{ 2 (A, —A,) (A, +A, + 3A,A, 


x 
> 2a) 
A, +1) a, -2-r)— (A, +1) ( (A, n*—1) J( 
When A, and A, are complex, J(2a) takes the more convenient form :— 
cos (x—6) sin 6 


a® (2a cos 3a*—1) cosnO ] J(2b) 
nag { 2a? (a? + -3)—r (a*— 6a? + 1)—2ra (1+?) cos } (n?-1) 

ne bending moments in the other frames may be deduced from equations H(5) 
J(1) and J(5), but it has not been thought worthwhile to obtain them here, as they 
are of less interest than the quantities N,, and N,. The principal object of the 
investigation is to study the variation of skin stresses from bay to bay, and in 
particular to find how soon their distribution becomes sensibly that given by the 
ordinary beam theory. A numerical example illustrating this has been worked 
out, and the results shown graphically in Fig. 7. 


APPENDIX 


EXPERIMENTAL WORK IN SUPPORT OF THE THEORY* 


The tests which form the subject of this note were made, at the writer’s suggestion, 
by the Gloster Aircraft Co. Research Department. From numerical examples which 
had previously been worked out, it became clear that, although the original purpose 
of the tests had been the measurement of bending moment in the rings, the skin 
stresses were much more sensitive to variations of ring stiffness, etc., than were 
the ring bending moments. Moreover, very considerable departures from the 
beam theory distribution of stress in the skin were expected, and it was there- 
fore decided to give primary consideration to the measurement of skin stresses. 

Details of the test specimens used are given in Fig. 11, while the test results are 
shown on the graphs (Figs. 8, 9 and 10). The three rings were bolted to the 
cylindrical shells, so that the same rings could be used with different ring spacing. 
The method of loading is of interest, since it enabled a considerable economy of 
strain gauges to be effected. As will be seen from the accompanying photographs 
(Figs. 12 and 13), only one set of strain gauges was used, a complete set of readings 
being obtained by rotating the specimen in the test rig. This method also has the 
advantage that any one gauge registers strain at all angular positions, thereby 
eliminating to a great extent irregularities which would otherwise arise due to 
variations in gauge characteristics. The strains measured were longitudinal (e,), 
circumferential (es), and at +45° to the longitudinal axis of the cylinder. Values 
of Ns and NV, were then deduced from these measurements. 


* The writer is indebted to Mr. W. G. Carter, Chief Designer, Gloster Aircraft Co., for 
permission to publish these results. 
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Fig. 11 
Details of test specimens. 
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Fig. 13 

It will be seen that the experimental values are reasonably close to the theoretical 
curves, and that although there is a small (but definite) discrepancy between theory 
and experiment which cannot be attributed to experimental errors, nevertheless, the 
greater part of the difference between the beam theory distribution of stress 
and the actual distribution appears to have been accounted for by the new theory. 

It would seem to be a reasonable deduction from these tests that the theory can 
now be applied to other cases of loading, and to more complicated structures, 
which cannot be so easily tested; in particular io the case of a long cylinder having 
many equally-spaced frames, this being more representative of an actual fuselage 
than the three-framed specimens tested. 

Further investigation is required on non-circular fuselages, and also on such 
problems as cut-outs in the skin between frames. As an additional complication, 
we are still faced with the problem of the distribution of stress in the skin after 
the onset of buckling. The theory developed up to the present should, however, 
be a somewhat more reliable guide to the design of stiffened shells (i.e., fuselages) 
than the usual beam theory. 
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1. INTRODUCTION 

The purpose of this paper is to present the 
case that can be made for the tailless aircraft 
on the grounds of improved performance and 
operational suitability. 

The whole field of possible investigation is 
not treated here with uniform thoroughness 
and the main reason for this is that I have 
only quoted detailed results for those cases 
which I have actually considered myself, so 
that in some instances the general qualitative 
arguments can be backed up by actual 
figures, whereas in others the argument has 
had to be confined to generalities. 

At the present time, the art of tailless air- 
craft design is undergoing rapid development 
and change so that in the attempt to make 
this paper as up-to-date as possible it is 
inevitable that many of the conclusions put 
forward must be hedged about with qualifica- 
tions and must take the risk of being modified 
in the light of fresh information which may 
become available in the future. 


SUMMARY 

After some preliminary consideration 
of certain of the fundamental problems 
involved (see paragraphs 3 and 5), it is 
explained that the cases of the moderate- 
speed and high-speed aircraft must be con- 
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sidered separately, because it is shown that 
the best layout for moderate speed flying is 
not the best for flight at speeds where com- 
pressibility is of paramount importance 
(paragraph 6). It is therefore especially 
necessary to choose the type to suit the duty 
that it will have to perform. 


2.1.1. The conclusions reached regarding 
the best layout are as follows :— 
(a) Long-Range Types: — 

(i) For high speed, the aeroplane 
should have a largish wing and a 
fairly small body (Paragraph 6.2). 
For moderate speeds, the best solu- 
tion will be either the All-Wing 
type or the version with the com- 
paratively large body and the small 
highly loaded wing, the pitching 
moment of the flaps on which is 
balanced by a rider-plane carried 
on the nose of the body (Paragraph 
6.1). 

(b) Short-Range Types:— 
Here the space needed for accommoda- 
tion rules out the All-Wing layout. 


(ii) 


The Rider-Plane version stil! has its 
advantages, although they will be 


reduced by comparison with those cases 
where body size can be cut down. 


for t 


( 
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There is not sufficient data to enable an 
appraisal of the high-speed jet-propelled 
tvpe to be made. 


2.1.2. The performance advantages claimed 
for the three types are:— 

(i) The Rider-Plane Version has _ less 
parasite drag than an _ orthodox 
aeroplane because:— 

It has a smaller planform area. 

It has a smaller body. 

It has better nacelles. 

It can have a greater extent of 
laminar flow. 

In many cases its structure weight 
will be less, mainly due to 
saving on body weight. 

The All-Wing Version will probably 
have less parasite drag than the con- 
ventional layout and will certainly 
have less induced drag. Information 
on its structure weight is lacking. 
(ii) The High-Speed Jet-Propelled Air- 
craft utilises the sweepback to raise 
the critical Mach number so that the 
cruising speed may be high enough 


to enable jet propulsion to be 
efficient. 
2.1.3. The main operational advantages 


claimed are :— 
(1) Unobstructed rear loading may be 
obtained on transport types. 
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(11) Powerful rear defence may be fitted 
to bombers or similar military types. 


3. PRELIMINARY CONSIDERATIONS 


In discussions on the relative merits of the 
orthodox and tailless types the specious 
argument that the tailless layout must 
“obviously be better because it is not encum- 
bered with a tail’’ is sometimes put forward. 
A little consideration will show that it is not 
possible just to remove the tail of an ortho- 
dox aeroplane, for to do so would render 
it uncontrollable in flight. It is thus clear 
that, if the ordinary tail be removed, some- 
thing else must take its place and it is not at 
all obvious, a priori, that the alternative will 
be any better than the tailplane originally 
provided. It is the purpose of this paper to 
show, however, that there are better solu- 
tions to the problem than the conventional 
tailplane. 

It is therefore necessary, before consider- 
ing the problem of the tailless aeroplane in 
any detail, to have a clear understanding 
of the essentials of longitudinal stability and 
trim, for it is in the means adopted towards 
these ends that the tailless and conventional 
aircraft differ most widely. 

Visualise, therefore, an aircraft consisting 
of two fixed horizontal lifting surfaces 
arranged in tandem fashion (for example, a 
conventional monoplane) flying steadily at 
a certain incidence, see Figure 1. Suppose 
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now that the incidence of the whole aircraft 
is increased, through some external agency, 
by an amount Ax and that the corresponding 
changes in lift on the front and rear planes 
are AL, and AL, respectively. These lifts 
will act at the aerodynamic centres of the two 
fixed wings so that the resultant change of 
lift or ‘‘additional lift’’ equal in magnitude 
to AL,+ AL, must act at a point N such 


that — = a point N is the neutral 
b AL, 
point of the aircraft and it is clear that if 
the centre of gravity, G, is forward of N, 
then the pitching moment due to the addi- 
tional lift will be such as to reduce the 
incidence of the whole aeroplane following 
a disturbance which temporarily increased 
the incidence above its trimmed value; such 
an aeroplane will therefore be stable. Con- 
versely, if G were aft of N, then the tendency 
would be for a disturbance in incidence to 
become greater so that the aircraft would be 


unstable. 


Therefore, the condition for stability is 
that the centre of gravity must be forward 
of the neutral point. 


Consider now the aircraft held at such an 
attitude that the net lift on it is zero, and 
then imagine its incidence to be gradually 
increased until the total lift developed is 
equal to the weight. Because of the linear 
relation between incidence and lift and 
because the aerodynamic centre of a wing is 
fixed, it follows that all this additional lift, 
equal to the weight, will also act through 
the point NV. But if the aircraft is to fly it 
must be in equilibrium in pitch, that is, the 
resultant lift must pass through G. Since it 
has just been shown that the whole of the 
additional lift acts through N, it is clear that, 
in the no-lift condition, there must have 
been a nose-up pitching moment (positive 
moment) on the aircraft as a whole, as only 
in this way can the resultant lift act through 
a point forward of N. 


Therefore the essential condition for the 
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trim of a stable aircraft is that the no-lift 
moment shall be positive (i.e., nose-up). 

Since normal aerofoil sections themselves 
have a negative no-lift moment, it follows 
that in order that there shall be a positive 
no-lift moment on the aeroplane as a whole, 
then in the no-lift condition there must be 
an up-load on the front lifting surface and 
an equal down-load on the rear one. This 
means, therefore, in general, that the inci- 
dence of the front plane must be greater 
than that of the rear one and that in flight 
the lift coefficient on the front plane must 
be greater than that on the rear. 

If lift-producing flaps are used on the main 
wing, then, in most cases, the flaps them- 
selves will produce a considerable negative 
(nose-down) pitching moment and _ this 
further increases the amount by which the 
lift coefficient on the front plane must 
exceed that on the rear one; in fact, in some 
cases there may have to be a down-load on 
the tailplane (thinking of an orthodox aero- 
plane) when the flaps are down on the main 
wing. 

Consider now what happens if the tail (or 
rear) plane is removed entirely. The centre 
of gravity must now be shifted forward so 
as to be ahead of the aerodynamic centre of 
the front wing (this now becomes the neutral 
point of the tailless aeroplane) and so it is 
still necessary to have a positive no-lift 
moment. One way to do this is to reflex the 
trailing-edge of the aerofoil — sections, 
although a large reflex is necessary in order 
to obtain a sufficient positive no-lift moment 
and such a design has very little to recom- 
mend it; it is definitely a case where the cure, 
heavy reflex, would be worse than the com- 
plaint, an ordinary tail. A much more satis- 
factory solution is to impart some sweepback 
to the wing and then to introduce washout 
along the span. That is to say, twist the wing 
so that the incidence of the tip section is 
less than that of the section at the root of 
the wing. 

It is clear that if such a wing is set in the 
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zero lift condition, there will be an up-load 
over the centre part of the wing and a down- 
load in the region of the tips; since the wing 
has sweepback, this means that the up-load 
(at no-lift) acts over the forward part of the 
aircraft while the equal down-load has its 
line of action situated more to the rear: that 
is to say, the wing as a whole experiences a 
nose-up pitching moment at no-lift, and this, 
of course, is the desired positive no-lift 
moment, 

Figure 2 shows a conventional monoplane 
and a typical tailless aeroplane in plan view. 
It can be seen from this sketch that if the 
wing has a moderate amount of sweepback 
(about 30° on the quarter-chord line as 
shown) then the distance from the centre of 
gravity to the pitch control surface (the 
elevator for the conventional layout and the 
elevons in the case of the tailless design) is 
considerably less for the tailless aeroplane 
than for the orthodox machine. 

Accepting this limitation of sweepback 
(discussed more fully in paragraph 5), 
it follows that it is more difficult to accom- 
modate really powerful lift-producing flaps 
on a tailless aeroplane than in the conven- 
tional case, for powerful flaps produce a 
large nose-down pitching moment and this 
has to be balanced by a down-load on the 
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Control in Roll by differential movement of Elevons 
Control in Pitch by Elevons moving up and down 
together 


after part of the aircraft. With an orthodox 
design, a comparatively small down-load (or 
reduction of up-load) on the tail will suffice, 
but the tailless layout, with its much smaller 
fore-and-aft extension of lifting surface, has 
to face the difficult problem of producing a 
much larger down-load to balance a given 
(negative) pitching moment and this will 
detract quite seriously from the gain in lift 
from the flaps. 

The problem of getting an acceptable 
maximum lift coefficient is one of the out- 
standing tailless difficulties and has there- 
fore been mentioned in this preliminary 
discussion: the matter is dealt with more 
fully later (paragraph 5). 


4. STATEMENT OF THE 


PROPOSITION 
It is claimed that the tailless aircraft can 
be more efficient than a _ conventional 


machine and that it has operational advant- 

ages, especially as a bomber or a transport 

aircraft. 

4.1. It can be more efficient for the follow- 

ing reasons : — 

(a) If the Cymax problem can be solved, 
the tailless aircraft will have less wetted 
area than its conventional counterpart and 
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so will show an all-round improvement in 
performance. Accepting a low Cymax, 
then the tailless and orthodox designs 
have about the same amount of wetted 
area, but the induced drag of the tailless 
type will be the lower, so giving improve- 
ment in climb and range for much the 
same top speed. 

(b) It is an infuriating fact that whenever 
one attempts to lay out a weight-carrying 
aircraft of normal design but with pusher 
airscrews and engines buried in the wings, 
it always happens that, in order to get the 
centre of gravity of the empty aeroplane 
sufficiently far forward, one is forced into 
some other abnormality such as, for 
example, having to provide a monstrously 
long nose to the fuselage. The point is, 
that the conventional tractor monoplane 
balances nicely with a conveniently pro- 
portioned fuselage so it is clear that when 
about 20 per cent. to 25 per cent. of the 
all-up weight is shifted about one chord’s 
length rearward, something pretty drastic 
will have to be done to compensate. The 
same problem, although in a milder form, 
arises when designing an orthodox jet- 
propelled machine. With the tailless lay- 
out, on the other hand, pusher airscrews 
and buried power plants tend naturally to 
bring the tare C.G. into the desired place 
and so it follows that with the tailless 
aeroplane one is well able to reap the 
benefits of the pusher or jet installations, 
principally less nacelle drag and the possi- 
bility of getting a greater extent of 
laminar flow over the wings. 

At first sight this C.G. problem might 
appear to be a secondary matter: in prac- 
tice it is of major importance. 

(c) The use of sweepback raises the critical 
Mach number and so enables jet propul- 
sion to be more efficient. 

(d) There is usually a saving in structure 
weight, for in most cases the body is 
lighter (this is especially so in the case of 
bombers) and weight is also saved on the 
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engine mounting, since the large over- 
hang of the conventional installation is 
avoided, These gains are usually partly 
offset by some increase in wing weight. 


4.2. The operational advantages claimed 

are: — 

(a) With bombers, there is the possibility 
of getting a really powerful rear defence, 
as a heavy turret and gun installation can 
be mounted much nearer to the centre of 
gravity than is possible with the orthodox 
machine, where the balance difficulties 
mentioned in paragraph 4.1 (a) make it 
necessary to be content either with a 
rather small tail turret or else to go to the 
combination of a divided top and bottom 
turret scheme and to have a field of fire 
obscured by the tail organs. 

(b) On a transport aircraft, a completely 
unobstructed rear entry may be obtained 
by swinging away the unstressed rear part 
of the fuselage. 

(c) A tricycle undercarriage fits very nicely 
into the general scheme of the tailless 
layout. 


4.3. The importance of such items as the 
possibility of getting better nacelles and more 
laminar flow, higher shock-stalling speeds 
and better defence on bombers must be 
emphasised. These properties, one might 
almost call them ‘‘By-Products”’ of the tail- 
less layout, are just as important to the 
general argument as the absence of the tail- 
plane and elevator. 


5. THE MAXIMUM LIFT 
COEFFICIENT PROBLEM 


From many points of view it is desirable 
to have a high maximum lift coefficient avail- 
able, as otherwise some means must be 
found of offsetting extra drag, and probably 
weight, occasioned by the tailless wing area 
having to be greater than normal to com- 
pensate for an unusually low Cy mas. 

With the tailless design the two main diffi- 
culties in the way of using high-lift flaps are: 
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(a) The problem of balancing the nose- 
down pitching moment when the sweep- 
back is only moderate, see paragraph 3 
above. 

(b) The fact that, if the sweepback is 
increased sufficiently (say to 45°) to give 
an appreciable fore-and-aft extension to 
the wing, the flaps themselves show con- 
siderable reluctance to produce much 
improvement in maximum lift coefficient. 
Crudely, this is due to the fact that if the 
air encounters a flap more or less at right 
angles to the flow direction (the normal 
arrangement) it is forced to go down 
below it so that the circulation on the 
whole wing is increased, whereas on 
encountering a swept-back flap, it tends 
just to skate off sideways without doing 
anything much about increasing the cir- 
culation and hence the lift coefficient. 

In addition there is the fact that the 
reduction in stalling angle due to flaps, a 
frequent occurrence on ordinary wings, is 
usually very pronounced on wings of high 
sweepback. 

Thus with small sweepback the main 
problem is pitching moment balance and if 
the sweepback is increased so as to make this 
problem easier a fresh set of troubles arise 
from the effect of sweepback per se. 


5.1. Wing without External Aids. 

The best compromise on the wing above is 
probably reached with about 35° of sweep- 
back and with flaps which are concentrated 
over the middle part of the span. With such 
an arrangement it is possible to obtain a fair 
increase in maximum trimmed lift coefficient 
provided that suitable flaps are used. The 
phrase ‘‘suitable flaps’’ means flaps that pro- 
duce an increase of lift without undue nose- 
down pitching moment. The point is this; 
lowering flaps over the central part of the 
wing renders the no-lift angle of the flapped 
section much more negative than before, so 
that, at a given incidence there is relatively 
more lift on the flapped centre wing than on 
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the unflapped outer wings whose no-lift angle 
is unaffected. That is to say, lowering the 
flaps produces a discontinuous aerodynamic 
washout, proportional to the increase in lift 
due to the flaps, which, on its own, would 
produce a positive no-lift moment. This 
positive no-lift moment from the flapped lift 
distribution can therefore balance the nega- 
tive no-lift moment on the individual sections 
occasioned by lowering the flaps. 

The problem is thus to find the optimum 
flap span and to choose the type of flap to 
give the best relation between increase of lift 
and increase of negative section no-lift 
moment. In practice it is found that to have 
30 per cent. chord split-flaps with their hinge 
line at 40 per cent. chord from the trailing- 
edge and covering the middle half of the span 
gives somewhere near the best result. 


Wing with External Aids, 


Another way out is to use powerful lift 
flaps on the wing and accept, as a penalty, 
a negative pitching moment which cannot be 
balanced by the wing and which therefore 
demands some other device for dealing with 
it: two possible solutions are considered 
below. 


5.2.1. Tail-First or Canard’ Type. 

With this type of aircraft a fixed horizon- 
tal ‘‘tailplane’’ is carried forward of the main 
wing and balances the flap pitching moment 
by means of an increase of up-load instead 
of by a decrease, as is the case with a normal 
aeroplane. 

The snag here is that to mount a fixed 
plane forward of the main swept-back wing 
produces a forward shift of neutral point 
compared with the wing alone, so that the 
centre of gravity must be shifted forward a 
corresponding amount to maintain stability, 
thus making it necessary for the front plane 
to develop not merely enough lift to accom- 
modate the original unbalanced flap moment, 
but also some extra lift to deal with the for- 
ward shift of C.G. 


The final result is that the necessary lift 
coefficient on the front plane has to be very 
high to deal with a high lift coefficient on the 
main wing, and it seems that this is the 
limiting factor; to say, ‘‘make the front plane 
bigger’ is not a satisfactory solution because 
a bigger front plane means a further for- 
ward shift of neutral point and hence centre 
of gravity and so still more load on the front 
plane. Carried to the limit, this argument 
results in having so enormous a front plane 
that the original main wing has shrunk by 
comparison to an orthodox tailplane. 


5.2.2. Handley Page “‘ Rider-Plane.”’ 


This device is essentially a small aeroplane 
pivoted at the nose of the big one: that is 
to say, it consists of a lifting plane together 
with some trimming device corresponding tc 
the ordinary tailplane and elevator, the 
whole thing being pivoted about a spanwise 
axis which passes through the point which 
would normally be occupied by the centre of 
gravity of the small aeroplane. 

Figure 3a shows the rider-plane in its 
simplest form and Figure 3b in a tailless ver- 
sion. Considering Figure 3a, the only part 
of the rider-plane that is controlled from the 
main aircraft is the trimmer (or trimmers), 
otherwise it is freely floating and it can be 
seen that it is the relative setting of the rider. 
plane main aerofoil and trimmers that 
uniquely determines the lift coefficient that 
the rider-plane will develop. Put in another 
way, the trimmer setting will determine the 
incidence at which the main aerofoil of the 


rider-plane meets the local airstream, 
HINGE = 


Fig. 3a 
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irrespective of the incidence of the aeroplane 
as a whole (small differences in induced up. 
wash at main aerofoil and trimmer modify 
this argument a little, but not seriously). 

Thus as the whole aeroplane pitches, the 
rider plane merely rotates relative to it and 
maintains its lift unaltered. Therefore, it 
follows that the presence of the rider-plane 
will not affect the position of the neutral 
point of the aeroplane, for, as explained in 
paragraph 3, the neutral point is defined by 
the line of action of the additional lift follow. 
ing a change of incidence of the whole aero. 
plane. Since the rider-plane lift is unchanged 
when the aircraft pitches, it follows that all 
the additional lift must occur on the main 
wing, which is precisely what happens when 
the wing alone is present. 

This shows the essential difference between 
the rider-piane and the fixed forward plane 
When the incidence of the aeroplane is 
increased the lift on the rider-plane is 
unaffected so that the neutral point is the 
same as for the wing alone, whereas with 
the fixed forward plane an increase in the 
incidence of the aircraft does produce an 
increase in lift on the front plane and so does 
shift the neutral point forward. 

Thus the rider-plane has only to produce 
enough lift to balance the flap pitching 
moment and there is no condition relating 
the lift coefficient of the rider-plane to that 
of the main wing. In order to keep down 
the size of the rider-plane it is desirable that 
it shall produce as large a maximum lift co- 
efficient as possible and it has therefore been 
provided with flaps and leading-edge slots. 


Fig. 3b 


Plan views of two forms of Rider Plane 
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In actual operation it would be arranged 
that when the aircraft is flying normally the 
trimmers are set so that the rider-plane is at 
the incidence for minimum drag (the design 
of the main wing being such that rider-plane 
lift is not required to trim under cruising con- 
ditions). It would then be contrived that 
lowering the flaps on the main wing operated 
the rider-plane flap and slot and moved the 
trimmers in such a way as to produce the 
required balancing up-load on the rider- 
plane. 

This brings out another advantage that the 
rider-plane has over the fixed forward plane, 
namely, that under cruising conditions the 
rider-plane lift is small, whereas that of the 
fixed plane will not be so; hence the rider- 
plane is much less likely to interfere with 
laminar flow on the main wing than is the 
forward fixed plane. 

Figure 4 shows a typical design incor- 
porating the rider-plane. It will be noticed 


CASE POR THE ATRCRAFT 


that the rider-plane is displaced vertically 
with respect to the main wing so that, under 
cruising conditions, its turbulent wake will 
not interfere with the maintenance of laminar 
flow on the main wing. 


5.3. Comparison of Different Types with 
regard to Maximum Lift Coefficient, 


Table I below compares the maximum lift 
coefficients that can be expected from 
different layouts. All the aeroplanes in the 
table have comparable pitching stability. 

By basing Cymax On gross planform area 
(i.e., area of wing plus area of horizontal 
stabiliser) the last column can be regarded as 
being proportional to the reciprocal of the 
total planform area required. 

Note that the Cymax of the conventional 
monoplane based, as is usual, on the area 
of the main wing only is 2.4. The flaps in 
the cases of the conventional monoplane, the 
Canard, and the rider-plane version are of 


Side Elevation 


Front Elevation 
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TABLE I 


COMPARISON OF Cymax 


Type of Aeroplane 


Conventional Monoplane, | Flapped Wing 


Pterodactyl,’”’ Small Flaps 


‘ Canard,”’ Flapped Main Wing 


Tailless with Rider-Plane, Flapped Main 
Wing 


Stabiliser Stabiliser on 
Area as % Wing C, at aoe 
of Main | of Main Stall Plantorm 
Wing Area Area* 
20 2.54 —0.6 2.0 
Nil 1.8 1.8 
2.0 2.0 4.4 DA 
15 2.54 3.0 2.6 


*This Cymax = Max. Lift/[4pV*(Area of main Wing + Area of Stabiliser) ] 


the double slotted type while the Pterodactyl 
is assumed to have forwardly located split- 
flaps. The span of the flaps on the Canard 
is less than that for the conventional or rider- 
plane types because of the difficulty of 
balancing the pitching moment of the flaps. 

It is thus seen that, on this basis, the type 
with rider-plane can have a smaller total 
planform area than any of the other versions. 


6. POSSIBLE FORMS OF THE 
TAILLESS AIRCRAFT 


From Table I and the other arguments 
given in paragraph 5 it seems that the three 
types of tailless aeroplane worth considera- 
tion are:— 

(a) The All-wing type. 

(b) The type having a largish wing (no 
separate horizontal stabiliser) and a 
body. 

(c) The type with a small highly-loaded 
wing, stabilised by a rider-plane, and 
a body. It appears that the rider-plane 
arrangement is superior to the Canard 
version in nearly all respects. 

Before making the choice between the 
lifferent versions it is necessary to decide 
whether the aircraft is to be of the high-speed 
or moderate-speed type, i.e., to decide 
whether compressibility phenomena (shock 
stall, etc.) are of over-riding importance or 
880 


not. These types are considered separately 
below. 


6.1. Moderate-Speed Types. 

In this case the All-Wing layout becomes 
a possibility since the thickness/chord ratio 
may be quite large (say 20 per cent. to 23 
per cent.) at the root. Even so, and using 
a greatly increased chord in the centre, it is 
not possible to accommodate a large load of 
passengers or freight, although with bombs 
it would not be so difficult. So it appears 
that the All-Wing type is more or less res- 
tricted to long-range duties and also that it 
cannot be made conveniently in the smaller 
sizes. 

Now consider the following argument 
regarding the All-Wing type compared with 
the type having a small, highly-loaded wing 
trimmed by a rider-plane and having a 
normal body, to accommodate the load. 

The space inside a small, highly-loaded 
wing is fully utilised in housing fuel, the 
power plant (in most cases), the under- 
carriage when retracted, controls and so on. 

Thus if the load is to be stored in the wing 
as well it will be necessary to provide a wing 
larger than is really necessary for flight. 

Hence the choice is between a small wing 
plus body, and an oversize wing. 


On one hand, against the large wing: 
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The parasite drag cf the body will pro- 
bably not be greater than that occasioned 
by the extra wing size (even if the latter is 
of the laminar flow variety) because the body 
has a greater percentage of usable volume 
and because its Reynold’s Number is high. 

The structure weight of the small wing and 
body is likely to compare well with that of 
an oversized wing. 

It will be harder to pressurise a wing than 
a body. 

The body is functionally more convenient. 

On the other hand, in favour of the large 
wing: 

The induced drag of the large wing will 
be less than that of the small one. 

The complication of the rider-plane is 
eliminated. 

The problems of retracting the under- 
carriage, burying the engines, etc., will be 
easier with the large wing. 

The third possibility is the largish wing 
and body (but no rider plane). In order 
to get a reasonable trimmed maximum lift 
coefficient the sweepback will probably have 
to be fairly large and this will bring in its 
train the following disadvantages: 

Increased structural weight. 

Enhanced difficulty in getting satisfactory 
stalling characteristics (see paragraph 7 
below). 

The presence of the body will make the 
solution of the flaps-down trim problem 
more difficult than in the All-Wing case, 
because it makes a gap in the flap in the 
region of the aircraft centre line and so 
reduces the favourable effective washout 
caused by lowering the flaps and also because 
the body will most likely have a negative 

As was pointed out in paragraph 5, it is 
not possible to have a really large sweepback 
without finding that the increments in maxi- 
mum lift coefficient due to the flaps are 
seriously reduced. 

It seems, therefore, that for the moderate- 
speed aeroplane the choice lies between the 
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All-Wing arrangement and the type trimmed 
by a rider plane, since the largish wing plus 
body layout suffers from the large wing area 
of the All-Wing layout and has the extra 
complication of the body. 

On considering all the evidence it appeared 
that the small wing, rider-plane and body 
combination was the most attractive pro- 
position, since there was no size or duty 
restriction as tends to be the case with the 
All-Wing type. 


6.1.1. Examples of Tailless Aircraft with 
Rider-Plane. 


The following figures illustrate the com- 
parison between a tailless aircraft with rider- 
plane design and the corresponding orthodox 
aeroplane. 

It should be noted that these designs were 
planned some years ago and so may appear 
to be somewhat out-of-date to-day. They 
do, however, bring out the comparison 
between the tailless and orthodox types. 


(a) 60,000 7b. Bombers. 

These two aircraft were designed to have 
the same stalling speed, flaps down, the same 
maximum all-up weight (60,000 Ib.) and 
were each powered by four Rolls-Royce 
Merlin R M 15 S M engines. 

The conventional design had the power 
plants arranged along the leading-edge in 
the usual way, while for the tailless version 
the four engines were arranged in two tan- 
dem pairs (one engine of each pair a tractor 
and the other a pusher). This was a poor 
arrangement aerodynamically, but gave the 
power plant weight in the right place and 
avoided the use of a shaft drive to the air- 
screws as would have been necessary with 
four pusher propellers. 

It is now realised that the design of the 
body for the tailless layout was unimagina- 
tive in this case and could have been 
improved upon so as to save a considerable 
amount of weight; probably, however, the 
relative drags and weights of these two 
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bomber fuselages are reasonably representa- 
tive of a fair comparison between two trans- 
port types (a case less favourable to the 
tailless layout than the bomber). 


TABLE II 
GENERAL PARTICULARS, 60,000 LB. 
AIRCRAFT 
Ortnodox Tailless 
Aircraft Aircraft 
Maximum All-up 
weight (lb.) 950,000 60,000 
Wing Area (ft?) 1,000 840 
Wing Span (ft) 105 914 
Aspect Ratio 11.0 11.0 
Tailplane Area or 
Rider-Plane Area (ft?) 200 60 
Fin and Rudder 
Area (ft?) 120 80* 


Engine Take-Off 
B.H.P./Max. B.H.P. 
at 30,000 it., per 
engine 1510/1435 1510/1435 
Max. Weak Mixture 
Cruising power at 
30,000 ft., per engine 917 217 


* It seems likely now that this area should be at 
least as great as that for the orthodox design. 


TABLE III 
DRAG ESTIMATE, 60,000 LB. 
AIRCRAFT 


Parasite Drag at 100 f/s 
at Sea Level (lb) 


Orthodox Tailless 
Wings 101 78 
Body 39 334 
Tailplane & Elevator 27 — 
Rider-Plane — 9} 
Nacelles and Engine 
Cooling 60 50 
Fins and Rudders 15 11 
Interference 5 5 
Astra Dome 5 5 
Leaks, 6 per cent. 
of above total 15 14 
Total Parasite Drag at 
100 f/s at Sea Level 267 206 


Induced Drag — 0.044 C,* for orthodox aeroplane. 
Induced Drag = 0.046 C,? for tailless aeroplane. 


The reason that the induced drag for the 
tailless aircraft is slightly higher than that of 
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the orthodox machine when expressed in 
terms of C, despite the fact that both wings 
have the same aspect ratio, is that the C, 
quoted is based on main wing area only and 
so, for the drthodox type will be a little 
greater than the C, actually being developed 
by the main wing since in most conditions of 
normal flight the tailplane will carry part of 
the load: in the case of the tailless version 
when cruising with the rider-plane at mini- 
mum drag, practically the whole of the lift 
must be developed by the main wing alone. 
Another reason for increasing the induced 
drag of the tailless aircraft is that the wing 
is twisted. 

Notice the saving on wing drag shown by 
the tailless design (due to smaller wing area) 
and also the drag saving on tailplane, body 
and power plant. The wing section was not 
of the low-drag type. 


TABLE IV 
STRUCTURE WEIGHT SUMMARY, 
60,000 LB. AIRCRAFT 


% All-Up Weight 


Orthodox Tailless 
Wing 13.0 13.7 
Fuselage 7.0 6.6 
Main Undercarriage 4.8 4.8 
Nose Undercarriage 0.6 0.6 
Tailplane & Elevator 0.8 
Rider-Plane — 0.4 
Fins and Rudders 0.6 0.5 
Engine Mounting 
and Cowling 2.2 232 
Flying controls 0.6 0.6 
Total Structure 29.6 29.2 


The above table shows that despite its 
smaller area the swept-back tailless wing is 
heavier than its conventional counterpart. 

Table V shows that the reduced parasite 
drag of the tailless layout manifests itself as 
higher speed and greater range for a given 
power output. 


(b) 70-ton Bombers. 
As was the case for the 60,000 Ib. 
machines, these aircraft were designed round 
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TABLE V 
PERFORMANCE COMPARISON FOR 60,000 LB. BOMBERS 


TALLLESS RAPT 


Orthodox Tailless 

Max. Weak mixture cruising speed at 30,000 ft. (m.p.h. T A S) 354 378 
Economical cruising speed at 30,000 ft. (m.p.h. T A S) 280 310 
Max. all-out level speed at 30,000 ft. (m.p.h. T A S) 436 467 
Range with 8,000 lb. bombs at max. weak mixture 

cruising at 30,000 ft. (miles) 1860 2020 
Range with 8,000 lb. bombs at economical cruising at 

30,000 ft. (miles)} 2120 2210 

Ult. range (no bombs) at economical cruising at 30,000 ft. (miles) 3500 3650 
Absolute ceiling at mean weight (ft.) 46,000 45,000 


Ranges are still-air with T.O. and climb allowance. 


the same power plants, to the same maxi- 
mum all-up weight and had the same stalling 
speed flaps down. 

The so-called ‘‘orthodox’’ design was not 
really conventional although it did have a 
normal wing and tail unit; its unconvention- 
ality lay in the fact that it was assumed to be 
powered by four pusher airscrews driven by 
long shafts from engines mounted partly for- 
ward of the wing leading-edge. This 
atrangement was adopted in order to help 
balance the machine, and even so it was 
found that the tare C.G. was undesirably far 
aft. In the case of the tailless version the 
engine could be submerged into the after 


TABLE VI 
GENERAL PARTICULARS, 70-TON 
AIRCRAFT 
Orthodox Tailless 
Aircraft Aircraft 
Maximum All-Up 
Weight (lb) 157,000 157,000 
Wing Area (ft?) 2,600 2,190 


Wing Span (ft) 169 155 


Aspect Ratio 11.0 11.0 
Tailplane or Rider- 
Plane Area (ft?) 520 153 
Fin «nd Rudder 
Area (ft?) 290 215 


Engine Take-Off 
B.H.P./Max. B.H.P. 
at 30,000 ft. per 
engine 3150/3000 3150/3000 
Max. Weak mixture 
cruising B.H.P. at 
30,000 ft. per engine 


2,000 


2,000 


part of the wing and only comparatively 
short driving shafts were necessary. 

In making the drag assessment a small 
degree of laminar flow (from leading-edge 
back to 20 per cent. of the chord) was 
assumed. 

The engines assumed were four Napier 
Sabres. 


TABLE VII 
DRAG ESTIMATE, 70-TON AIRCRAFT 


Parasite Drag at 100 f/s 
at Sea Level (lb) 


Orthodox Tailless 
Wings 205 175 
Body 98 71 
Tailplane & Elevator 68 _— 
Rider-Plane 25 
Fins and Rudder 35 27 
Nacelles and Engine 
Cooling 80} 59 
Interference 13 12 
Astra Domes, etc. 10 10 
Undercarriage fairing 2 4 
Armament 40 40 
Leaks, 6 per cent. 
of above total 33 25 
Total Parasite Drag at 
100 f/s at Sea Level 5843 448 
Induced Drag = 0.043 C,? for Orthodox Aircratt. 
Induced Drag=0.045 for Tailless Aircrait. 


Note here the very large saving on body 
weight shown by the tailless bomber. This 
was achieved because it was possible to con- 
trive a tier stowage arrangement of the 
bombs by a simple structure attached directly 
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to the wing just behind the single spar at 
about 33 per cent. chord. By this means the 
rear part of the fuselage was unstressed 
except for a rear turret and so could be of 
very light construction, as well as being short 
in length. The orthodox bomber carried its 
bombs stowed horizontally beneath the floor 
in the usual manner. 


TABLE VIII 
STRUCTURE WEIGHT SUMMARY, 
70-TON AIRCRAFT 

All-Up Weight 


Orthodox Tailless 

Wing 14.0 14.7 
Body 8.0 3.8 
Main Undercarriage 4.1 4.1 
Nose Undercarriage 0.6 0.6 
Tailplane & Elevator 0.9 — 
Rider-Plane 0.4 
Engine Mounting 2.5 Lz 
Fins and Rudders 0.6 0.4 
Flying Controls 0.6 0.6 

Total Structure 31.3 25.8 


Table IX shows, as did Table V, that the 
reduced parasite drag gives the tailless 
machine increased speed over the conven- 
tional version, while both the reduced drag 
and structure weight of the tailless machine 
combine to enhance its range performance. 
It is interesting to note that either machine 
could carry 48,000 lb. of bombs for a short 
haul. 
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6.2. High-Speed Types. 

The design of high-speed aircraft is a 
matter of primary importance to-day and it 
is in this field that very great advantages can 
be reaped as a result of new knowledge 
(mainly obtained from the Germans) on 
high-speed problems which has _ recently 
been made available. 

By flying fast enough, simple jet propul- 
sion becomes reasonably efficient (/.e., the 
Froude efficiency of the jet becomes satisfac- 
tory) and by flying high enough it is possible 
to combine the desired high true air speed 
with the most economical equivalent air 
speed, or thereabouts, for the jet-engined air- 
craft (usually quite moderate by modern 
standards). The one catch js that this inevit- 
ably leads to high cruising Mach numbers*, 
so that much ingenuity is usually needed to 
ensure that shock waves (with the conse- 
quent increase in drag) do not occur under 
cruising conditions. 

It is here that sweepback plays a vital part, 
for it has been established that the critical 
Mach number of a swept-back wing of given 
thickness /chord ratio (in the flight direction) 
is greater than that of the corresponding 
straight (i.e., non-swept-back) wing of the 
same t/c ratio. This means that for a given 
critical Mach number (i.e., the Mach number 


* Mach number=Speed of Aeroplane/Speed of 
Sound. 


TABLE IX 
PERFORMANCE COMPARISON FOR 70-TON BOMBERS 
Orthodox Tailless 

Max. weak mixture cruising speed (m.p.h. T AS ) 332 354 
Economical cruising speed ‘(m. p-h. T A S) 275 300 
Max. all-out level speed (m.p.h. T AS) 400 429 
Range at max. weak mixture cruising speed with 20,000 lb. 

bombs (miles)| 3130 3930 
Range at max. weak mixture cruising speed with 48,000 lb. 

bombs (miles) 830 1460 
Range at max. weak mixture cruising speed with no bombs (miles) 4560 5390 
Range at economical cruising speed ‘with 20,000 lb. bombs (miles) 3350 4050 
Range at economical cruising speed with 48,000 lb. bombs (miles) 885 1550 
Range at economical cruising speed with no bombs (miles) 4800 5700 


All performances at 30,000 ft. 
Ranges are still-air with T.O. and climb allowance. 


884 


| — 

at 1 

the 

‘win 

stra 

desi 

nun 

out 

so 

I 

pres 

men 

spec 

indi 

muc 

pern 

at |e 

seen 

for 

swee 

shift 

bala 

reasc 


tHe CASE POR THE TATLLESS AIRCRAFT 


at which the shock waves start to form and 
the drag begins to rise rapidly), a swept-back 
wing may have a greater thickness than a 
straight one and so it has become possible to 
design wings to operate at high Mach 
numbers in the pre-shock-stall region with- 
out them having to be inordinately thin and 
so inordinately heavy. 

It is not possible to be precise at the 
present time in regard to such a new develop- 
ment as this modern conception of the high- 
speed aircraft, but preliminary investigations 
indicate that wing thickness/chord ratios 
much above 15 per cent. are unlikely to be 
permissible and that about 45° of sweepback 
at least will be required. 

The comparative thinness of the wing 
seems to rule out the All-Wing type except 
for truly enormous sizes, while the high 
sweepback, essential for the high-speed, 
shifts the emphasis on the flap troubles from 
balancing the pitching moments to getting a 
reasonable increase in maximum lift co-effi- 


4 


cient from the flaps which now exhibit con- 
siderable reluctance to perform at all. For 
this latter reason it appears that the claims of 
the rider-plane (or similar device) are 
reduced, and furthermore, the idea of a 
freely floating rider-plane operating near the 
shock-stall region is unquestionably some- 
what alarming. 

The tentative conclusion to be drawn from 
all this is that for the high-speed type the 
most satisfactory variety of tailless layout is 
the largish wing plus body, the very arrange- 
ment that was least attractive at moderate 
speed. Another possible drawback to the 
highly loaded wing is that the rather high 
cruising C, which would result could possibly 
cause control difficulties at high speed; with 
the largish wing and body, this trouble is 
unlikely to arise. 

The essential thing about the high-speed 
aircraft is that it shall have a high sweep- 
back, so giving the wing a considerable fore- 
and-aft extension; it appears, therefore, that 


——p - - --~ 


| 
| 
} 
\ 
i | 4 
4 \ 
\ 
-t-4 
Figs 
885 


the design should be tailless, although until 
the situation is a lot clearer than it is at 
present it is not possible to be dogmatic. 
Figure 5 the form which it is 
suggested such an aeroplane might take. Two 
axial flow gas turbines are shown installed in 
the root of each wing with the air entering 
through the leading-edge. The root air in- 
take should help to prevent shock waves 
occurring at the wing-fuselage junction, 
while the location of the thrust lines so near 
to the centre of the aircraft would assist con- 
trol in the event of engine failure. The air- 
craft is shown provided with normal elevons 
and wing-tip fins and rudders for control. 
Security reasons, as well as the general 
fluidity of the situation, make it undesirable 
to give detailed particulars of this design and 
so its performance is expressed mainly in 
terms of that of the corresponding orthodox 
piston engine design. The two aircraft whose 
range performances are compared in Figure 
6 are freight or passenger carriers of some 40 
to 50 tons all-up weight, designed to have a 
stalling speed of 80 m.p.h. at light weight. 
The cruising speed of the orthodox aero- 
plane is 250 m.p.h. T A S at 20,000 ft. mean 
height with the engine operating under long- 
life conditions; the high-speed design cruises 
at 520 to 550 m.p.h. T A S at a mean height 
of 50,000 ft. The basis of the freight load has 
been taken to be that load which the ortho- 
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dox machine could carry for 2,000 miles, 
this load has been called 100 per cent. and 
all other loads are expressed in terms of that 
load. It will be seen that the high-speed 
design surpasses the conventional machine in 
terms of load carried as well as completely 
outclassing it in speed. 

The good load-carrying capacity combined 
with the high cruising speed would be 
expected to re-act well on the cost of operat- 
ing a high-speed aircraft such as this com- 
mercially. A very rough calculation for the 
operation of such a machine over a still-air 
range of 2,000 miles with the assumption of 
2,000 hours vearly utilisation showed that the 
direct operating cost per passenger mile 
(including fuel, maintenance, depreciation, 
insurance, crew salaries, etc.) was about two- 
thirds of that of the corresponding orthodox 
design performing the same duty. It should 
be noted that this makes no allowance for the 
considerable attraction of speed in itself that 
the jet-propelled aeroplane possesses. 


7. TAILLESS PROBLEMS 


Having pointed out above some of the 
manifold advantages to be derived from the 
tailless design, it is only fair to mention, 
albeit briefly, some of the outstanding diffi- 
culties connected with tailless design. 

Most of the difficulties listed below are 
more the result of uncertainty or lack of 
knowledge than of some fundamental, incur- 
able property; they are, however, very real 
at the present time. 

(a) Pitching stability at the stall is often 
troublesome, particularly with high sweep- 
back. There is a decided tendency for 
swept-back wings to stall first at the tips 
and this produces a nose-up pitching 
moment which tends to stall the aircraft 
still further. 

In some cases stick-force reversal has 
taken place at the stall; this is closely 
connected with the tip-stall mentioned 
above. 
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THE CASE FOR THE 
There is much uncertainty regarding 
the pitching behaviour of a tailless air- 
craft at the shock stall. It is feared that 
there may be a tendency to dive as the 
shock stall occurs, but there are very few 
data on this problem. 


-) The problem of lateral stability with 


high sweepback cannot be regarded as 
satisfactorily settled. At high lift coeffi- 
cients the sweepback is equivalent to a 
considerable positive dihedral angle and 
there may be trouble with unstable lateral 
oscillations. 

There is considerable doubt as_ to 
whether the All-Wing aircraft will ever 
have satisfactory flying qualities without 
wing-tip fins and rudders. 


With a tailless design propelled by air- 
screws mounted on the wings it is possible 
that the problem of maintaining control 
immediately after one engine fails will be 
difficult, as there is a tendency for rudder 
power to be low in a tailless layout. 


) For the high-speed design, the pres- 
surisation problem will be severe, 
although this is not in any way particular 
to tailless aircraft. 


BATE LESS RCRAPE 


8. CONCLUDING REMARKS 


My case for the tailless aircraft rests not 
merely on general arguments such as those 
adduced in paragraph 4, but rather on the 
detailed comparisons given in paragraph 6. 
I regret that it was not possible to give a 
detailed comparison between an All-Wing 
design and some alternative layout, but 
unfortunately I have no figures available on 
the All-Wing machine. 

I, therefore, claim that there are consider- 
able gains to be obtained from the tailless 
layout. I have indicated some of the 
problems which must first be solved in order 
that these gains may be realised. A discus- 
sion on the tailless problems would require a 
great deal of space and would be outside the 
scope of this paper which is concerned with 
the performance aspect; I shall, therefore, 
have to be content with saying that these 
problems do not appear to me to be insuper- 
able, but that I believe they demand for 
their solution the application of the full 
energies of an enthusiastic team. 

In fairness, I have to admit that there are 
still considerable risks involved in embark- 


ing upon a tailless design, but to me it seems 
that the danger of failure is far more than 
outweighed by the benefits that would accrue 
from success. 
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INTRODUCTION: 


Consider the growth of the boundary 
layer over an aerofoil placed at high inci- 
dence, the potential flow pressure distribu- 
tion of which is shown in Fig. 1. In the 
region AB, the flow will normally remain 
laminar because of the large favourable 
gradient, but after reaching the peak B, 
instability will begin. Depending on the 
Reynold’s number and the actual adverse 
gradient, the boundary layer will do one of 
three things: 

1. It will separate from the surface while 
still remaining laminar; 


B 


Yu 


A 


2. It will become turbulent (transition) and 
will remain on the surface, or; 

3. It will become turbulent and will separate 
from the surface a little later. 

The position of laminar separation is 
largely independent of Reynold’s number 
and the occurrence of (1) depends entirely 
on whether transition to turbulence (which 
depends on R, turbulence of the stream, sur- 
face of the model, etc.) will occur before the 
laminar separation point has been reached. 
If this does happen the boundary layer is 
able to withstand a greater adverse gradient 
than previously without separating and the 
stall is therefore delaved. As the turbulent 
boundary layer grows, the boundary layer 
profile changes and turbulent separation 
occurs. 

With increasing incidence, this turbulent 
separation may either make itself apparent 
suddenly with a sudden loss of lift or the 
position of turbulent separation may gradu- 
ally move forward, showing a very gentle 
stall. 

Thus we have three types of stali:— 


A. Laminar Separation. Asa rule this gives 
rise to a gentle stall since the separated 
flow does not leave the surface but re- 
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adheres farther along the chord. The 
maximum lift is poor, but there is no 
great fall in lift with increased incidence. 


B. Sudden Turbulent Separation. This 
occurs suddenly and as the wing is at a 
greater incidence when it occurs, the 
separated layer does not re-adhere and a 
sharp drop in maximum lift occurs. 


C. Slow Turbulent Separation. The posi- 
tion of turbulent separation moves for- 
ward slowly and lift is gradually lost. 
The stall is, therefore, gentle. 


EFFECT OF REYNOLD’S NUMBER. 

At low Reynold’s numbers, the laminar 
boundary layer has greater stability and stall 
Aoccurs. As R is increased, transition occurs 
before laminar separation and stall B or C 
occurs, thus producing a very much higher 
(,(max.). This increase with R has been 
accounted for qualitatively in Ref. 1 on this 
basis, but the slight drop which occurs at 
still higher R has not been explained. 


EFFECT OF THICKNESS CHORD 
RATIOS AND LEADING-EDGE RADIUS 
OF CURVATURE. 


To understand the changes of stalling 
characteristics with thickness chord ratio, it 
is necessary to study the differences in pres- 
sure distribution which occur at a given 
incidence (say 14°). Compared with Fig. 1, 
increased thickness chord ratio causes a 
decrease in the sharpness of the peak (Fig. 
2) and a gradual increase of the overall 
gradient farther back along the chord. Thus, 
thick sections (18-25 per cent.) have less 
tendency to give rise to stalls A or B and give 
a gentle stall of type C. 

The effect of changes of profile are also 
best understood from the pressure curves, a 
sharp nose accentuating the sharpness of the 
peak and the subsequent fall-off in velocity. 
As a result, a sharp-nosed supersonic aero- 
foil gives rise to a gentle stall for all thick- 
ness chord ratios and Reynold’s numbers 


THIN WINGS (10%) 
INTERMEDIATE 


THICK (18-25) 


Fig. 2 


owing to the stall occurring as a laminar 
separation. 

There is, unfortunately, very little data 
available which will allow us to formulate 
rules for intermediate thickness of types of 
aerofoil, such as those of 6 per cent. to 10 
per cent. thickness chord ratios and ot 
modern profiles. Figure 3 demonstrates well, 
the effect of thickness chord ratio reduction 
on the E.C. family of aerofoils; while reduc- 
tion from 15 to 12 per cent. alters C, (max.) 
only slightly, a further reduction to nine per 
cent. causes a very serious drop at the Rey- 
nold’s numbers of landing. Figure 4 shows 
the type of lift stall which occurs on these 
wings, movement of the position of maxi- 
mum thickness forward to about 20 per cent. 
of the chord causes the maximum lift to be 
regained (as demonstrated by the R.A.F. 28, 
9} per cent. wing section). Figure 5 shows 
the corresponding variation on normal aero- 
foils of the NACA.2312 series with varying 
cambers. The type of stall variation with 
thickness is shown in Fig. 6. 

The above data is practically the only 
evidence available on these wings (apart 
from German sources) and is clearly inade- 
quate. If a general conclusion has to be 
drawn from this data, it is that, if the lead- 
ing-edge radius of curvature (p,/c) is less 
than .009, there is likely to be a serious loss 
of maximum lift. The present evidence can- 
not be reconciled with the German criterion 
of p,/c/(,/c)*> 1.0 since all the aerofoils 
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whose maximum lift is shown in Fig. 5 satisfy 
this requirement while none of those of Fig. 
3 do so. 

Camber affects the above criterion for p,/c 
and the figure may be pessimistic for such 
aerofoils. 


EFFECT OF SWEEPBACK 


It has been argued that tip-stalling on 
swept-back wings arises from the outflow of 
air in the boundary layer arising from the 
differential pressures at points normal to the 
direction of flight. It should be remembered 
however, that this outflow is only noticeable 
near the trailing-edge and, in fact, there is 
an inflow over the nose of the wing. Thus, 


jf. RICHARDS 


while it is easy to understand how a stall of 
type C can be affected seriously by sweep- 
back, sweepback should actually delay a 
stall of type A. This should be looked for 
on tests with very thin wing-tips. Possibly 
sweepback will tend to eliminate the stall of 
type A (which should be eased by the fact 
that p,/c should be that along the direction 
of local flow near the nose), and bring on 
type C. 

What is more important to realise at this 
stage is the fact that stalling effects will not 
necessarily be the same on lightly loaded 
gliders as on a fully-loaded tailless aeroplane. 


Ref. 1.—Modern Developments in Fluid Dynamics, 
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THE EKROYAL AERONAUTICAL 


NOTE ON THE USE OF CERAMICS IN 


SOCIETY 


GAS TURBINE DESIGN 


S. W. G. FOSTER, A.F.R.Ae.S. 


Mr. Foster served with the General Aircraft Co, Ltd., from 1932 until 1938, gaining 
experience in shop, inspection and records work before spending three years in the 


Drawing Office. 


He has been with the Heston Aircraft Co. Ltd., since 1938, first! 


in the Drawing Office; he is now on the design staff. He is an Associate Fellow of 
the Society. 


N THE DESIGN of gas turbines, the most 
limitation is imposed by the 
materials of which the combustion chambers, 
guide vanes, and, most important, the turbine 
blading are made, Any improvement in the 
heat resisting properties of the materials 
used in the construction of these parts will 
immediately show as an increase in power 
output. 

As Major Halford stated before the Royal 
Society of Arts in a recent lecture on the gas 
turbine, a gas temperature of 850°C. at the 
turbine blade will allow a maximum take-off 
thrust of 15,000 lb. for one unit, running at 
6,200 r.p.m. 

The present temperature reached is around 
750°C., this being attained after six years 
of war-time development. From this it will 
be seen that unless the metallurgist produces 
a new alloy, the limit with metal blades will 
soon be reached. Of course, cooling of the 
blades could be resorted to, but this brings 
with it the attendant difficulties. 

It is at take-off that critical conditions are 
reached and high centrifugal loads are im- 
posed by maximum revolutions. Existing 
designs of turbine engines aim at keeping the 
flame small so that the temperature at the 
turbine is around 750°C, This means that 
the turbine is not working at its best effi- 
ciency. 

The use of ceramics in gas turbine design 


was receiving much attention in Germany 
just prior to the end of the war. The success 
with which they were meeting deserves 
further investigation as, for instance, the 
Siemens turbine was run _ for protracted 
periods at 30,000 r.p.m., without failure. 
This was more than twice the speed at which 
British engines ran. 

This turbine had a diameter of approxi- 
mately 31 inches, and the blading was com- 
posed of sintered alumina which has a tensile 
strength of 17 tons per square inch at normal 
temperature. This decreases very slightly 
up to 1,000°C. and even at 1,200°C. its 
tensile strength is still nine tons per sq, in. 
Its compressive strengths are 190 and 31 tons 
per sq. in. at room temperature and 1,200°C. 
respectively. 

The table overleaf shows some of the more 
promising ceramics, 

The Siemens blades were fitted to the metal 
runner in the following manner, The blade 
had a broad base with two grooves in one 
side and one in the other. The base was 
then silvered, heated to 800°C. and copper- 
plated 1 mm. thick to provide a cushioning 
effect against the vibration which is present. 
The blade was anchored by three round steel 
pins in the three grooves and matching 
grooves in the runner. 

Another method found fairly satisfactory 
was to tamp iron powder around the blade 
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TABLE I 
Teasile strength. Compress. strength, 
at room at at room at 
temperat. 1000 c. temperat. 1000 ¢ 
tons per square inch. 
Sintered Alumina Density of 3.8 g./c.c. 163 15} 190 53} 
Silicon Carbide ot Resistance to shock 
Sicalit very good. No 
oxidation 
Ardostan (Kaolin and Highly resistant to heat 
Soapstone) shock. Very low 
coefficient thermal 
expansions : 21 
Calit (Soapstone) 8 58 
Steatite More resistant to heat 
shock than Alumina. 
Bad ageing effects. 2 


set in a recess in a steel block, The recess 
was the same shape as the blade, but slightly 
larger. The powder was then sintered. 

Dr. Schmidt, on the other hand, limited 
his research to ceramic stator blades only, 
as the problem of mounting the turbine 
blades was, in his estimation, insurmount- 
able. He produced a ceramic stator blade 
which stood up to 1,200°C. without any 
difficulty. For the turbine, he devised a 
clever method of water cooling the blades. 
This method is described later in this paper. 

Porcelains and glasses have several dis- 
advantages of which the most important are: 
they are brittle, mechanically weak and can 
be fractured by large “‘ thermal shock.’’ At 
present there is no hope of producing a non- 
brittle ceramic; therefore the compounding 
of the slurry for the particular ceramic to be 
used must be made with a view to high 
strength and thermal shock resistance. 

The sudden changes in temperature occur 
as power is suddenly applied or reduced and 
attention has to be given to the development 
of a ceramic that would be insensitive to 
such changes. 

Ardostan has a thermal expansion of only 
a sixth of sintered alumina, but of course 
the mechanical strength suffers in this case. 

There are several big advantages with 
ceramics, including low specific gravity and 


inertness to corrosion, The former has the 
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advantage of lower centrifugal forces for the 
same speeds than that of metal (approxi- 
mately one-half). The resistance to corrosion 
is regardless of temperature and some types 
are more rigid at temperatures well in excess 
of those attainable by metal blades. The 
very high compressive strengths could well 
be used if a turbine could be constructed with 
an outside runner. 

The methods used for forming turbine 
blades were such as slip casting or pressing, 
pre-firing to 1,400°F., shaping the relatively 
soft article and then firing to 2,500°F. 
Hescho porcelain works successfully extruded 
hollow blades, 

Brown Boveri, in Switzerland, have 
patented a blade in which there is a grad- 
ation from pure metal at the root, to ceramic 
at the top. 

The vibration of turbine blades becomes an 
important factor at certain speeds. High 
damping may be difficult to obtain with 
ceramics. It is very much so with steel and 
would be more so with ceramics, mainly 
because of the different coefficients of thermal 
expansion. 

However, if temperatures are increased 
very much, there will be many new problems 
to solve besides the turbine blading, such as 
more heat resistant housings and the prob- 
able use of heat exchangers. It may well be 
that the solution to the problem lies in 
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improvement in heat exchange efficiencies, 
blade design and the use of a closed system 
under pressure. 

A brief description of the Schmidt method 
of cooling rotor blades follows. 

Water is pumped through the hollow shaft 
carrying the turbine rotor and enters three 
small holes drilled radially in each blade. 
These holes are about 1 mm. in diameter and 
extend nearly to the blade tip. The film of 
water adjacent to the metal surface of these 
holes is heated to a higher temperature than 
is the water in the centre of the cylindrical 
hole, The resulting density differences com- 
bined with the very large force field associ- 
ated with the centrifugal force due to 
rotation, set up strong convection currents. 
Therefore there is a large outward water 
velocity along the cylindrical surface and a 


CERAMICS IN GAS 


PURBINE DESIGN 
corresponding inward velocity along the axis 
of the cylinder. Near the tip, the acceleration 
field due to rotation is of the order of 2,000 G. 
Large heat transfer rates result. As the water 
along the cylinder axis returns to the rotor 
shaft, pressure decreases and the water 
vaporises to steam which flows out of the 
hollow shaft at the end opposite to the intake. 
With this arrangement a temperature of 
1,200°C, has been reached. 

This is nearly 450°C, higher than the 
maximum temperatures reached without 
cooling. 

The author would like to thank the 
Ministry of Supply for help in obtaining the 
facts of the German activities. 
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Forgotten Skies. 

Wing Commander W. W. Russell. Hutchinson & Co. Ltd., London, 1946. 16/- net. 

This is the story of the Air Forces in India and Burma up to June 1944. 

It is a very lively story and well told. It is indeed, one of those comparatively rare 
books, written by one who has lived in history, which holds the reader’s attention. Few 
pilots are good writers and fewer still have a sense of history, although neither lack has 
prevented them writing books which will ultimately be worth not more than a few lines, at 
the most, when history comes to be written. 

Wing Commander Russell writes with a personal touch which makes those whom he 
met, those with whom he worked and played and fought, as alive as he is himself. He 
picks out the high light which matters. When Lord Mountbatten took over the command 
in Asia he gave a Press Conference immediately upon his arrival. The author reports the 
following comment by Lord Louis; ‘‘ As I was saying good-bye to the Prime Minister before 
leaving for India, I said ‘ Thank you for your good wishes, sir, but I hope you realise this 
is seriously interfering with my naval career.’ ”’ 

‘‘ The impression we all had,’’ writes the author, ‘‘ was of a man who hated red tape 
and was determined that because something had never been done before was the best 
possible reason for doing it now. We could all feel the old fogies folding up their tents and 
their files and fading into the mist.’’ 

Of Wingate the author writes, “‘ He bound his officers to him like a saint his disciples,” 
and when Wingate gave his first Press Conference, ‘‘ ‘I’m not used to this sort of thing, 
so if I don’t make myself clear you must be indulgent.’ Wingate talked without stopping 
for an hour and the correspondents were spellbound. He spoke in clear, beautiful English, 
and I thought I was back at Cambridge listening to Trevelyan or Francis Bennet . . . There 
were plenty of critics, mostly among the army. I remember Peter Fleming saying once that 
Wingate had always been unorthodox in the army and consequently unpopular. One army 
regular said, ‘Oh, Wingate. Yes, I remember him at the Shop. He never used to cut his 
hair.’ 

Forgotten Skies abounds in moving stories and first-class descriptions of incidents in a 
campaign which would have been major events and stories in the Western campaigns. Here 
is a story of the air which will never be forgotten as long as the sky is above Englishmen. 


Hurricane. 

F. H. M. Lloyd. Harborough Publishing Co. Ltd., Leicester, 1946. 7/6 net. 

The Hurricane first flew in November 1935. Five years later the Battle of Britain had 
been fought and won and the brunt of that battle had been borne by Hurricanes. If the 
Hurricane had done nothing else it would have earned undying fame. 

The author in a vivid first chapter, short, crisp, and to the point—as all good writing 
should be—finishes that chapter with the words: ‘‘ Fighter, night-fighter, fighter-bomber, 
tank-buster, rocketeer, ship-fighter, merchant ship protector . . . in thirty different forms 
and on thirty-seven different fronts, the Hurricane went into action. With a record of 
battle honours such as this, it can indeed truly be said that ‘ the story of the Hurricane is 
the story of the war itself.’ ’’ 
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REVIEWS 


From the Battle of Britain to Burma, from Dunkirk to Eritrea, from Norway to Italy, 
the Hurricane flew, hammering home the object lesson which alone could be understood by 
the first air aggressors in the world. 

Here are the official records of what the Hurricane did, the unofficial records of those 
who had first-hand knowledge, the pilots and others; the story of that certain day in 
September 1944 when the last Hurricane to be made was christened. In the great company 
which watched the ceremony two stood out, Sydney Camm, the designer, and P. W. S. 
Bulman, who flew the first machine on 6th November 1935, and who gave an aerobatic 
display in the last Hurricane. 

In September 1945 the fifth anniversary of the Battle of Britain was marked by a 
massed flight by Fighter Command over London, 

The machine which did so much to win that Battle was not even represented! 

This is a heart-stirring story, written from the heart, by one to whom the Hurricane 
was something more than another military aircraft, something which was vital and alive, 
something which he—in common with every man concerned with it (from Sydney Camm, 
its designer, to the mechanics, who knew every nut and bolt and rivet in her)—loved. 


The Model Aircraft Handbook. 
W. Winter. George G. Harrap & Co. Ltd., London, 1946. 8/6 net. 


The Author is one of the leading authorities in America on the construction of flying 
aeroplane models, and although the book was written from the American point of view, it 
has been revised by C. F. Joy, A.F.R.Ae.S., to make it of practical use to the British aero- 
modeller. 

This will prove a useful book for all those who are interested in making model aero- 
planes. It covers the complete range from rubber-driven models to power-driven and radio 
control in considerable detail, together with notes on flying and adjusting the completed 
model. 

There is much to be learned from the construction and flying of model aircraft, and 
certainly no one who wishes in the long run to design full-sized machines should neglect 
any opportunity he may have to construct models of his ideas. It is easily the cheapest 
and quickest way of testing ideas in a general informative way and one which may not only 
save a designer a considerable amount of heart burning later, but will also save much time, 
money and jabour. This is the kind of book he will find useful. 


The Modern Gas Turbine. 

R. T. Sawyer. Sir Isaac Pitman & Sons, Ltd., 1945. 21/- net. 

This is an American publication in a British jacket. 

It is largely concerned with the history and development of the gas turbine in fields 
other than aviation. Chapters 9 and 10 indeed, on the exhaust turbo-supercharger on air- 
craft engines and the gas turbine as an aircraft prime mover, including jet propulsion, are 
the only two chapters of interest to aircraft engineers. Chapter 10 is largely taken from 
Mr. Geoffrey Smith’s book ‘‘ Gas Turbines and Jet Propulsion for Aircraft,’’ and so acknow- 
ledged by the author. 

This book is more of value to those interested in the history of the development of 


the Gas Turbine than to the technical expert, who will find it on the elementary and 
descriptive side. 
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Civil Air Transport, 

Group Captain W. F. Wynn, O.B.E. Hutchinson’s Scientific and Technical Publica- 

tions, London, 1946. 16/- net. 

In his preface the author says, referring to the delays in book publication, “‘ Events 
may thus in the meantime overtake an author who attempts to deal with a far from stable 
matter such as Civil Air Transport.”’ 

The key words are “‘ far from stable.’”’ Civil Air Transport (C.A.T. for short) will 
certainly have to have the full proverbial nine lives if it is to survive. With the new tailless 
machines coming into vogue it may even be compelled to shift its headquarters to the Isle 
of Man. It appears to be a qualification, from a Government point of view, that it is quite 
unnecessary to have had any experience in air transport in order to organise it. 

Although this book was written while the war was still on, it has a value in that it draws 
attention to the way Civil Air Transport must develop if it is to be successful. 

This is a good comparative history as well, of the development of air transport in 
most countries between 1919 and 1939, The author spent ten years in the United States 
and is able to draw, from first-hand knowledge, the comparison between British and Amer- 
can development. He very rightly points out the importance of civil air transport as a 
self-contained business which must be run on strictly business lines. 

Throughout his book, indeed, the author poses the questions which must be answered, 
not the least of which is the rapid collection, loading and delivery of air freight. Air 
Transport depends so much upon efficient ground organisation that without the latter 
money and brains are wasted providing efficient aircraft. Nor is it much use working out the 
operating cost of an aeroplane if an inefficient ground organisation vitiates all the schedules. 


A book worth acquiring. 


AEF 


A 
| 
7 
‘ 
> 
898 


AN APPRECIATION 


The Council of the Royal Aeronautical Society 
wish to thank those Companies who, by 


their generous co-operation, have done so much 


to help in the production of the Journal. 


ACCLES G POLLOCK LTD. AIRCRAFT MATERIALS LIMITED 


Make with tubes 


STRUCTURAL MATERIALS 
and COMPONENTS 


AERASPRAY MFG. CO., LTD. AIRCRAFT PRODUCTION 


AE AIRCRAFT 
PRODUCTION 


AN ASSOCIATED (LIFFE 


“ THE AEROPLANE ”’ AIRSPEED LIMITED 


(\ 
ANE RIRSPEED> 


A TEMPLE PRESS 
PUBLICATION 


AEROPLANE MOTOR ALUMINIUM AIR TRANSPORT 
CASTINGS LTD. 


IRANSPORT 


AND AIRPORT ENGINEERING 


A TEMPLE PRESS 
PUBLICATION 


ica- ag 
} 
nts ae 
will | 
less | | 
= 
tin | 
ates 
leri- 
red, 
Air 
itter 
the | 
ALUMINIUM CASTINGS a 
= 


AIRWORK LTD 


AIRWORK 


Limited 


ALVIS LIMITED 


ARMSTRONG SIDDELEY MOTORS LIMITED 


ARMSTRONG SIDDELEY 


SIR W. G. ARMSTRONG WHITWORTH 
AIRCRAFT LTD. 


SIR W.G. 


ARMSTRONG WHITWORTH 
AIRCRAFT LIMITED 


AUSTER AIRCRAFT LIMITED 


THE AUTOMATIC COIL WINDER & 
ELECTRICAL EQUIPMENT CO., LTD 


ELECTRICAL 
TESTING 
INSTRUMENTS 


AUTOMOTIVE PRODUCTS COMPANY LTD. 


AVIMO LTD. 


\/| 


OPTICAL - MECHANICAL - ELECTRICAL INSTRUMENTS 
AERONAUTICAL EQUIPMENT 


BAKELITE LIMITED 


BAKELITE © PLASTICS 


REGD. TRADE MARKS 


T. M. BIRKETT & SONS LTD. 


NON-FERROUS CASTINGS 
AND MACHINED PARTS 
HANLEY - - STAFFS 


BO 


TH 


Bl 
CHIGH PRECISION HYDRAULICS =: 
kheec 
JA 
) 
Can 
| 
| 
ef 
AUSTER 
2 
oF THe 


ENTS 


BIRMETALS LTD. 


BLACKBURN AIRCRAFT LTD. 


Blackburn 


[AIRCRAFT / 


JAMES BOOTH & COMPANY LIMITED 


TERED TRA 


BIRMINGHAM 


DURALUMIN 


BOULTON PAUL AIRCRAFT 


THE BRISTOL AEROPLANE 


LTD. 


THE BRITISH ALUMINIUM CO., LTD. 


THE BRITISH AVIATION INSURANCE CO. LTD. 


BRITISH AVIATION SERVICES LTD 


BRITISH INSULATED CALLENDER’S CABLES LTD 


BRITISH PLASTICS 


Britisa 
lasties 


AN ASSOCIATED PUBLICATION 


BRITISH ROPES LIMITED 


HEAD OFFICE: DONCASTER 


| 
q 
| 
%, 
= 
B@ 
\ | y 4 
| | Loy: : 
PRIEEN 
Q © 


DC 


BRITISH THOMSON-HOUSTON CO., THE CHLORIDE ELECTRICAL STORAGE CO. LTD. 
LIMITED (THE) 


AIRCRAFT BATTERIES 


Magnetos and Electrical Equipment 


DL 

BRITISH WIRE PRODUCTS LTD. COOPER & CO (B’HAM) LTD. | 
COOPERS 

INDUSTRIAL 
DL 

BROOM & WADE LTD. A. C. COSSOR LTD. 

— 

“BROOMWADE, | Rad Lid 
EN 
BROWN BROTHERS (AIRCRAFT) LTD. THE DE HAVILLAND AIRCRAFT 

COMPANY LIMITED a 
FA 


BUTLERS LIMITED DELCO-REMY & HYATT LTD. 


AUTOMOBILE, AIRCRAFT AND MARITIME LAMPS | _— E LECTRIC 
SEARCHLIGHTS AND MOTOR ACCESSORIES Sacaeaale MOTORS 


xvi 


4 
4 § 
¢ 
| 
ie 
4 
AY 


LTD. 


DOWTY EQUIPMENT LIMITED 


DOWTY 


UNDERCARRIAGE AND 
HYDRAULIC EQUIPMENT 


DUNFORD G ELLIOTT (SHEFFIELD) LTD. 


“FOR AIRCRAFT 


DUNLOP RUBBER CO., LTD. 


FAIREY AVIATION COMPANY LTD. 


\\ /, 


SERVICE AIRCRAFT 


THOS. FIRTH G JOHN BROWN LTD. 


STEELS 


FIRTH-VICKERS STAINLESS STEELS LTD. 


FLIGHT PUBLISHING CO., LTD. 


and 
AIRCRAFT ENGINEER 


AN ASSOCIATED 1LIFFE 


SOLLAND AIRCRAFT LTD. 


HAMBLE, SOUTHAMPTON 


GENERAL AIRCRAFT LTD. 


xvii 


— 
unelr 
| btecbs | 
| 
| 
RS 
DUNLOP 
ENGLISH STEEL CORPORATION LTD. 
AND 


GIRLING LIMITED 


GLOSTER AIRCRAFT CO., LTD. 


GRAVINER MANUFACTURING COMPANY LTD. 


MANUFACTURING COMPANY LTD. 


HANDLEY PAGE LTD. 


HAWKER AIRCRAFT LTD. 


H. M. HOBSON (AIRCRAFT AND MOTOR) 


HELLIWELLS LTD. 


HALF A CENTURY 
OF KEEPING FAITH 


FIFTY YEARS OF 


THE HESTON AIRCRAFT CO., LTD. 


HiGH DUTY ALLOYS LTD. 


COMPONENTS LTD. 


Hobson 


F. A. HUGHES & CO., LIMITED 


Xvili 


Distributors of 


TERED 


MAGNESIUM ALLOYS 


HE 
| 
he 
AIR 
AIRC 
LQ K \ — = 
ay 
a HESTONS 
WZ ZAIRCRAFT: 
HI 
G 
= 


IRVING AIR CHUTE OF GREAT BRITAIN LTD. 
HUTES 


THE HUGHES-JOHNSON STAMPINGS LTD. JABLO PROPELLERS LIMITED 


HUNTING AVIATION LIMITED K.D.G. INSTRUMENTS LTD. 
(formerly Necaco Ltd.) 


4 


IMPERIAL CHEMICAL INDUSTRIES LIMITED KELVIN BOTTOMLEY & BAIRD LTD. 


INTEGRAL LTD K.L.G. SPARKING PLUGS LTD. 


INTEGRAL 


xix 


HENRY HUGHES & SON LTD. z 
7 
| 
V \ 
| 1 1 
& 
4 


ARTHUR LEE & SONS LTD. 


LEYTONSTONE JIG & TOCL CO., LTD. 


Leytonbtone 


LIGHT-METAL FORGINGS LTD. 


“LIGHT METALS 


A TEMPLE PRESS PUBLICATION 


xx 


LODGE PLUGS LIMITED 


PLUGS 


THE LONDON NAME PLATE 
MANUFACTURING CO., LTD. 


MARSTON EXCELSIOR LIMITED 


Zi 


ALR CRAFT 


| 
| 


he 
LODGE 

> 

LONDON NAME] PLATE MFG 

MILES AIRCRAFT LIMITED 

= 


MOLLART ENGINEERING COMPANY LTD. 


Members of the Gauge and 


THE MOND NICKEL COMPANY LTD. 


ENGINEERING LTD. 
AIRCRAFT SERVICES 


ORRIS 
c 


D. NAPIER G&G SON LIMITED 


NITRALLOY LIMITED 


{ 
[NITRALLOY LIMITED] 


NITROGEN HARDENING STEELS 


NORMALAIR LTD. 


Zz 


THE PALMER TYRE LIMITED 


€ 


First in the 


THE PALMER TYRE LIMITED 
Herga House, Vincent Square, London, S.W.1. 


PARNALL AIRCRAFT LIMITED 


PARNALL’ AIRCRAFT 


WS 


LIMITED 


| 
| Tool Makers’ Association 

| 
a 
NORMALAIR LTD HENDFORD. YEOVIL 
| 
MORRISONS 
MORRISON'S 
xxi 


PERCIVAL AIRCRAFT LIMITED “PLASTICS” 


A TEMPLE PRESS 
PUBLICATION 


PETO & RADFORD PORTSMOUTH AVIATION LIMITED 


DAGENITE 


AIRCRAFT BATTERIES 


SIR ISAAC PITMAN & SONS LIMITED PRESSED STEEL GO., LTD, | 


PRESTCOLD 


) AERONAUTICAL 


PUBLISHERS 


THE PULSOMETER ENGINEERING CO. LTD. PYE LIMITED 


FUEL PUMPS FOR AIRCRAFT 


XXxil 


i 
CIVAL 
LAIR CRAFTA 
AFTJ 
| 
RI 
x Q 
PORTSMOUTH AVIATION { 
‘ 
“Gs 


REYNOLDS TUBE CO., LTD. 


REYNOLDS TUBE CO LTD. 
REYNOLDS ROLLING MILLS LTD. 


REYNOLDS 


LIGHT ALLOY PRODUCTS 
COLD DRAWN SEAMLESS STEEL TUBES 
AND FABRICATED TUBULAR STRUCTURES 


R.F.D. COMPANY LTD. 


COMPANY 


A. V. ROE G COMPANY LIMITED 


ROLLS -ROYCE 


AERO-ENGINES 


ROTAX LTD. 


ROTAX 


AIRCRAFT ELECTRICAL ENGINEERS 


L A. RUMBOLD & CO., LTD. 


RUM@GOLD 


SANGAMO WESTON LTD. 


gee, 


QANTAS EMPIRE AIRWAYS ROLLS-ROYCE LIMITED ~ 
| Ose 
IR 
WA; 
| 
| 
| 
AS oe 
Ry t 
xxiii 


SAUNDERS-ROE LTD. 


1830) 


SELF-PRIMING PUMP AND ENGINEERING 
CO: ETO: 


SERCK RADIATORS LIMITED 


SERCK 


SHORT BROTHERS (ROCHESTER & 
BEDFORD) LIMITED 


Shorts 


Established 1908 


THE FIRST MANUFACTURERS 
OF AIRCRAFT IN THE WORLD 


SKYHI LIMITED 


SMITHS AIRCRAFT INSTRUMENTS LTD. 


THE SPERRY GYROSCOPE COMPANY LTD. 


XXxiv 


SIMMONDS AEROCESSORIES LTD. 


S S 


a 
U 

° 
° 
= 


STANDARD TELEPHONES G CABLES LTD. 


Standard 
Radio 


STRAIGHT AVIATION TRAINING LTD 


STRAIGHT AVIATION 


TRAINING LIMITED 


THE TECHNOLOGICAL INSTITUTE 
OF GREAT BRITAIN 


COURSES FOR TH 


OF THE 


ROYAL AERONAUTICAL SOCIETY 


E EXAMINATIONS 


ULTRA ELECTRIC LTD. 


7 


AARCRAET DIVISTON— 


ELECTRIC ACTUATORS 


“ULTRA 


ELECTRONIC CONTROL SYSTEMS 


THE UNITED STEEL COMPANIES LIMITED 


FLYING FOX 
ELECTRIC STEELS 


$.FOX & CO.LTD. SHEFFIELD 


VICKERS-ARMSTRONGS LIMITED 


VOKES LTD 


AMBER CROSS 
TRACE MARK 
SYMBOL OF THE VOKES SERVICE 


WARWICK AVIATION CO. LTD. 


WARWICK 
IL 


| 
i 
) 
xxv 


WESTLAND AIRCRAFT LIMITED WILKINSON RUBBER LINATEX LTD 


FLEX AIEX 


CHAS. WESTON & CO., LTD. WILLIAMSON MANUFACTURING CO., LTD. AUTC 


CHARLES WESTON & CO 


IRWELL BANK WORKS, DOUGLAS GREEN, MANCHESTER, 6. 


A. C. WICKMAN LIMITED YORKSHIRE ENGINEERING SUPPLIES LTD. 


ca [JJickman BRONZE FOUNDRIES 

* COVENTRY ENGLAND YE AWEO@) IA 
SPECIALISTS IN MACHINE 


TOOLS SMALL TOOLS FOR 
BEARINGS AND BUSHES Exot 


HENRY WIGGIN G COMPANY LTC 


Kei High Cualily 
NICKEL 
ALLOYS Hesto 


Xxvi 


2 
AIRC 
AIRC 
AIRS 
AIR 
AIRY 
ALV! 
ARM! 
ARM 
AUTC 
AVID 
YW 
Birk 
yy, Bry 
BLAC. 
ol LS 7 Boot 
Bout 
Bris’ 
Brit 
Brit 
Oa Brit 
BES Brit 
Brit 
y Brit 
Brit! 
Broo 
Age Brov 
CuLo 
Coort 
Firty 
Firti 
Fouta 
Gene} 
GIRLI 
GLOST 
GRAV, 
s IGH 
Hoss¢ 
EN 
Hvugu 
Hvcu 
: . Iuper 


THE ROYAL 


AERONAUTICAL. SOCIETY 


DIRECTORY OF ADVERTISERS 


Acces & Pottock ... 
ABROPLANE, THE’ 


AEROPLANE & MoTOR ALU MINIUM CAasTINGs Lib. 

AIRCRAFT PRODUCTION 

AincRAFT MATERIALS 

AirsPEED LTD. 

Aim TRANSPORT 

AinworkK 

Lrp. 

ARMSTRONG 

ARMSTRONG WHITWORTH 
Lip. 

AUSTER Arrcrart 

Avromatic CoIL WINDER & “Evectricat 
ment Co. Lrtp. .. 

AUTOMOTIVE Propvcts. Co. 

Avimo Lrp. ies 


Sippetey Motors 
Sir W. G:; 


“Lap. 


BAKELITE 
Birkett, T. 
BIRMETALS : 
BLACKBURN AIRCRART ‘Liv. 
Bootu, James, & Co. Lo. .. 
BouttoN Patt AtRcRAFT Lap. 
BristoL AEROPLANE Co. L1D., 
British ALUMINIUM Co. Lip. ... 
British AVIATION INSURANCE Co. Lip. 
British AVIATION SERVICES LTD. 

British INSULATED CALLENDER CABLES ‘Lr. 
British PLASTICS 

Britis Ropes Lrp. 

British THOMSON-Hovu ston Co. 
British WiRE Propucts Lrp. 
Broom & Wapbe 

BrowN BROTHERS (Aimenart) Lrp. 
Betters 


,€ Sons 


& 


CHLORIDE ELecTRICAL StoraGe Co. 
COOPER (Bouam) Lrp. 
Cossor, A. C., Lp. ... 


THE 


pe HAVILLAND ArrcrAFt Co. Tue 
Devco-Remy & Hyatt 
Dowty Equipment Lip... 

Dunford & ELLIoTT ‘Li. 
Duxtop Russer Co. Lrtp. 


Excusu SteEeEL Corporation 


Fairey Aviation Co. Lrp. 
Firtu, Tuos., & JouN Brown ... 
FinTH-VICKERS STAINLESS STEELS Lrp. 
Fucut Pusiisuinc Ce. Lrp. 
FottanD AIRCRAFT 


GENERAL AIRCRAFT 
GirRLING LIMITED 
Guoster ArrcraFr Co. Lrb. 
GRAVINER MANUFACTURING Co. 


Hanptey Pace Lrtp. 
Hawker Arrcrart Lrp. 


Lp. 

Heston Arrcrart Co. Ltp., 
Duty Attoys Ltp. ... 
Hopson, H. M. (Aircrart & Motor) Compoy- 


ENTS LD, 
HuGues, F. & Co. 
& Son 


THE 


Hecurs, 
STAMPINGS Ltb., “THe 
HoytinG Aviation ... 


IvperiaL CuemicaL Inpustries 


Paddock Works, Oldbury, 
Thimble Mill Lane, 
Temple Press Ltd., 
Wood Lane, Erdington, Birmingham 

Dorset House, Stamford Street, S.E.1 

Midland Road, London, N.W.1 

The Airport, Portsmouth 
Temple Press Ltd., Bowling green Lane, 
Westbrook House, 134 Bath aon. Hounslow 
Holyhead Road, Coventry 

Parkside, Coventry 


Birmingham 
Birmingham, 
Bowling Green Lane, EC... 


Britannia Works, Thurmaston, Leicester ... 
Douglas Street, S.W.1 
Leamington Spa 


Winder House, 
Tachbrook Road, 
Taunton, Somerset 


18 Grosvenor Gardens, S8.W.1 


Thomas Street, Hanley, Stoke-on- -Trent 
Woodgate Works, Quinton, Birmingham, 32 
Argyle Street Works, nn. Birmingham, 7 
Filton House, Bristol ies 

Salisbury House, London’ “Wall, E.C.2 

3-4 Lime Street, E.C.3 


1 Great Cumberland Place, Wa: 

Main Works: Erith, Helsby, Leigh, “Lancs. and Prescot 
Dorset House, Stamford Street, 
52 High Holborn, Wi .. 
Lower Ford Street, Coventry a 
Worcester Road, Stourport- on- ern 
High Wycombe, Bucks. ... ‘ 

Great Eastern Street, E.C.2 .. 

Atlantic Works, Grange Road, Small Heath, B'ham, lu 


Exide Works, Clifton Junction, near Manchester 
53. Little King Street, Birmingham, 
Highbury Grove, N.5. 


Hatfield Aerodrome, Herts. 
111 Grosvenor Road, S.W.1 
Cheltenham, Glos. 

Attercliffe: Wharf Works, 
Fort Dunlop, 


“Sheffield, 
Erdington, Birmingham, 24. 


Vickers Works, Sheffield ... 


Hayes, Middlesex. 
Atlas & Norfolk Works, Sheffield, : 
Staybrite Works, Sheffield 

Dorset House, Stamford Street, SE4 
Hamble, Southampton, Hants. 


The London Air Park, Feltham, Middlesex 
Garrison Lane, Birmingham, 9 

Gloster Works’ ae Aerodrome, Hucclecote, Glos. 

53 Pall Mall, S.W.1. 

Graviner Works, Gosport “Road, “near ‘Fareham, ‘Hants. 


Cricklewood, N.W.2 
Canbury Park Road. “Kingston- -on-Thames ... 
Old Town, Stratford-on-Avon 
Ifeston Airport, Middlesex 
89 buckingham Avenue, Slough, Bucks. 

Hobson Works, Stafford Road, Wolverhampton ... 
Metals Dept., Abbey House, Baker Street, N.W.1... 
Husun W orks, New North Road, Barkingside, Essex ... 
Langley Green, Birmingham ... sm ics 
P.O. Box 4 Caernarvon, N. Wales ... 


London, S.W.1 


XXVii 


Broadwell 1500 
Birmingham E, 1671 
Terminus 3636 
Erdington 2207-9 
Waterloo 3333 
Euston 6151 
Portsmouth 74631 
Terminus 3636 
Hounslow 5451 
Coventry 5501 
Coventry 4061 


Coventry 61061-4 
Syston 86106-8 


Victoria 3404-8 
Leamington Spa 1700 
Taunton 3634 


Sloane 9911 
Stoke-on-Trent 2184 
Woodgate 2253 
Brough 121 
Birmingham E. 122) 


Fordhouses 3191 


Clerkenwell 3494 
Mansion House 0444 
Paddington 7040 


Waterloo 3333 
Chancery 8822 
Coventry 4104 
Stourport 240 
High Wycombe 
Bishopsgate 7654 
Victoria 2164-6 


1630 


Swinton 2011 
Northern 2194-5 
Canonbury 1234. 


Hatfield 2345 
Victoria 6242 
Cheltenham 53471 
Sheffield 41121-4 
Erdington 2121 


Sheffield 41071 


HAYes 1800 
Sheffield 20081, 26491 
Sheffield 41193 
Waterloo 3333 
Hamble 3191 


Feltham 3636 
Victoria 2951 
Gloucester 6294 
Whitehall 6478-9 
Gosport 89175-7 


Gladstone 8000 
Kingston 1044 
Slough 23861 
Stratford-on-Avon 
3265 

Southall 2321 
Slough 21201 


Fordhouses 2266 
Welbeck 2332-6 
Hainault 2601 
Broadwell 1361 
Caernarvon 580 


Victoria 4444 


: 
see eee 
¢ 


InteGRaL Lrp. 


Irving Air Cuute or Great Britain 


Jasco PROPELLERS Lip. 


K.D.G. Instruments 
KeLvin, Botromtey & BairD Lip. 


K.L.G. SparkinG Pivucs Lrp. 
Lee, Artuur, & Sons Lrp. 


Leytonstone Jig & Toot Co. Lrp. 
Licgut-MetaL ForGinGs Ltp. _... 
Licgut MetTALs 

LopGe PivGs 


Lonpon PLATE RING Co. Ltp., 


THE 


Marston Excevsror Lrtp. 


Mites AIRCRAFT LIMITED 
ENGINEERING Co. 
Moxp Nicket Co. Lrp., THe 
Morrisons ENGINEERING LtD. 


Naren, D., & Son Lrtp. 


Parmer Tyre Lrp., Tur 

Arrerart 

Percivac Arrerart 

Pero & Raprorp ‘ 
Pitman, Str Isaac, & Sons Lrp. 

PLastics 
PortsmovtTn Aviation Lip. 

Pressep Steet. Co. Lrp.... 
PULSOMETER ENGINEERING Co. Lrp., THe 
Pye Limitep was 


Qantas Empire AIRWAYS 


Reynoips Tuse Co. Lrp. 
R.F.D. Company Lip. 

Roe, A. V., & Co. Lrp. 
Roiis-Royor Lip. 

Rotax Lrp. 
L. A., & Co. Lp. 


Sancamo Weston Lrp. 

Seve-Priminc Pump & ENGINEERING Co. Ltp. 
Serck Raprators Lrp. 

Snort Brotuers (Rocuester & Beprorp) Ltp. 
Simmonps Lrtp. 

Skyur 

Smits Arrcrapt INstRUMENTS Lrp. 

Srerry Gyroscope Co. Ltp., Tue ; 
Stanparp TeLernones & Casirs Lip 
Straigut Aviation Traintinc Ltp. 


TecuNoLocicaL Institute OF GREAT BRITAIN 


Citra Evecrric Ltp. Arrerart Division 
Unitep Stee. Compantes Ltp., Tue . 


VICKERS - ARMSTRONGS LIMITED (AIRCRAFT 


Vokes Ltp. 


Warwick Aviation Co. Lrp. 
Westianp ArRcRAFT 

Westox, Cuas., & Co. Lrp. 

Wickman, A. C., Lrp. 

Henry, & Co. 
WILKINSON Rueper Linatex Ltp. 
WILLIAMSON ManvracturinGc Co. Lrtp. 


YORKSHIRE ENGINEERING Surpiies Lrtp. 


DIRECTORY OF ADVERTISERS 


Cousins Street, Dudley Road, Wolverhampton 


Ickneild Way, Letchworth, Herts. ... 


Mill Lane, Waddon, Croydon, Surrey 


Purley Way, Croydon, Surrey . oe 
Kelvin Avenue, Hillington, Glasgow, S.W.2 
Kelvin Works, Basingstoke 
Putney Vale, S.W.15 


Crown Steel & Wire Mills, Bessemer Road, Sheffield, 9 
Mowbray House, Norfolk Street, W.C.2 

155 Church Lane, Handsworth mae Birmingham, 20 
606 High Road, Leyton, E.10 

—— Press Ltd., Bowling Green Lane, E.C.1 


Zylo Works, Marine View, Brighton, 7 


Wolverhampton 
49-59 Armley Road, ‘Leeds, 12 |. 
Reading, Berks shire ‘ 
Kingston By-Pass, Surbiton, Surrey 
Grosvenor House, Park Lane, W.1 
Purley Way, Croydon 


Acton, W.3_... 
47, Bank Street, Sheffield sas 
West Hendford, Yeovil, Somerset 


Herga House, Vincent Square, S.W.1 

8 South Street, Park _ W.l 

Luton Airport, Luton, Beds. 

Chequers Lane, Dage onham, Essex 

Parker Street, Kingsway, W.C.2 

Temple Press, Bowling Green Lane, E.C.1 

The Airport, Portsmouth 

Nine Elms Iron W orks, Reading; 39 Victoria St.,8.W.1 
Radio Works, Cambridge 


c/o British Overseas Airways Corp., Airways Terminal, 
Buckingham Palace Road, S.W.1 


Hay Hall Works, Tyseley, Birmingham 
Stoke Road, Guildford, Surrey 

Newton Heath, Manchester 

Willesden Junction, N.W.10 _... 
Kingsgate Place, Kilburn, N.W.6 


Great Cambridge Road, Enfield, Middlesex 

49 Parliament Street, Westminster, S.W.1 Re 
Edinburgh Avenue, Trading Estate, Slough, Bucks. 
Warwick Road, Birmingham, 11 
Rochester, Kent as 
Great West Road, Brentford, London 
“Skyhi’ Works, Worton Road, Isleworth, Middlesex 
Cricklewood W orks, London, N.V ; ad a 
Great West Road, Brentford, Middiesex 

New Southgate, N.11 as 

Bush House, Aldwych, W ‘2. 


39 Temple Bar House, Fleet Street, E.C.4 ... 


Western Avenue, Acton, W3 .. 
17 Westbourne Road, Sheffield, 10 


Vickers House, Broadway, Westminster, S.W.1 
Weybridge Works, Weybridge, Surrey 
Ifenley Park, nr. Guildford, Surrey 


Warwick 

Yeovil 

Irwell Bank Works, ‘Douglas G reen, M: inchester, 6 
Tile Hill, Coventry 

Wiggin Street, Birmingham... 
Frimley Road, Camberley, Surrey — 
Litchfield Gardens, Willesden N.W.10 


Bronze Foundries, Upper Wortley Road, Leeds, 12 


Wolverhampton 


2498. 
Letchworth 


Croydon 2201 


Thornton Heath 386g 
Halfway 3331 
Basingstoke 690 
Putney 2671 


Attercliffe 41144-8 
Temple Bar 71878 
Northern 2116-7 
Leytonstone 5022.3 
Broadwell 1152 
Terminus 3636 
Rugby 2076 


Brighton 7025 


olverhampton 2148) 
Armley 38081-5 
Reading 60811 
Elmbridge 3352-4 
Grosvenor 4131 
Croydon 0191 


Shepherds Bush 1229 
Sheffield 25907 
Yeovil 1100 


Victoria 8323 
Grosvenor 4491 
Luton 2960 
Rainham 34 
Holborn 9791 
Terminus 3636 
Portsmouth 74374 
Oxford 77701 
Tilehurst 67182/4 
Cambridge 3434 


Victoria 3126 


Acocks Green 1607 
Guildford 3232 
Failsworth 2020 
Derby 2424 

Elgar 7777 

Maida Vale 7366-8 


Enfield 3454 & 1242 
Whitehall 7271 
Slough 25277 
Victoria 0531 
Chatham 2261 
Ealing 2212 
Hounslow 2211 
Gladstone 3333 
Ealing 6771 
Enterprise 1234 
Temple Bar 6828 


Central 5940 


Acorn 3434 
Sheffield 60081 


Abbey 7777 
Byfleet 240-243 
Guildford 62861 


Warwick 693 
Yeovil 1100 
Pendleton 2857-9 
Tile Hill 66271 
Edgbaston 2245 
Camberley 1595 
Willesden 0073-0075 


Leeds 38234 & 3829 


fro 


lrinted 


: 

Exy 

eee 

eee 

| 


84-6 


3868 


1148) 


1607 


Long range, feeder line and freighter all benefit 
from operation under Sperry Gyropilot control. 

Experienced operators realize that this equipment 
offers definite economic advantages irrespective of 
the routes involved. 


Extremely accurate flying 
Economy in fuel and flying ROR 


Reduced wear and tear. Less strain 
on the pilot, especially under in- 
strument flying conditions. Greater 


passenger comfort. 
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equipment includes 
PALMER SILVO- 
FLEX* high-pressure 
hose units, B.T.R. 
De-Icers, etc. 


THE FIRE RISK 


*Palmzr SILVOFLEX fuel 
and oil pipes of a new fire-proof 
type are fitted to de Havilland 
‘Goblin’ and ‘Ghost’ engines ; 
to Rolls-Royce ‘ Merlin,’ ‘ Eagle’ 
and ‘Griffin, Napier ‘ Sabre’ 
and Bristol ‘ Hercules.’ Also to 
practically all current jet types 
including Rolls-Royce ‘ Der- 
went’ (616 m.p.h.), ‘ Trent’ 
and ‘Nene; Armstrong- Siddeley 
* Mamba’ and ‘ Python,’ etc. 


SINcE 1913, Palmer has provided unique services 
for the aircraft industry and for flying in all its 
phases — design, research, experiment, production. 


To-day, Palmer tyres are made for tiny tail wheels 
and through the whole range of sizes up to giants— 
as tall as a man—for Lancaster liners. The 
production of wheels, brakes and hydraulic control 
systems, including gun-firing gear, was greatly 
accelerated by war demands and the Company now 
commands important resources for the fabrication of 
metal as well as rubber components. 
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HERGA HOUSE, VINCENT SQUARE, LONDON, S.W4 
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